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FOREWORD 

Section 304(a)(l) of the Clean Water Act of 1977 (P.L. 95-217) requires the Administrator of 
the Environmental Protection Agency to publish water quality criteria that accurately reflect the latest 
scientific knowledge on the kind and extent of all identifiable effects on health and welfare that might 
be expected from the presence of pollutants in any body of water, including ground water. This final 
document is a revision of proposed criteria based upon consideration of scientific input received from 
U. S. EPA staff, the public and independent peer reviewers. Criteria contained in this document replace 
any previously published EPA aquatic life criteria for tributyltin (TBT). 

The term "water quality criteria" is used in two sections of the Clean Water Act, section 
304(a)(l) and section 303(c)(2). The term has a different program impact in each section. In section 
304, the term represents anon-regulatory, scientific assessment of ecological effects. Criteria presented 
in this document are such scientific assessments. If water quality criteria associated with specific 
stream uses are adopted by a state as water quality standards under section 303, they become 
enforceable maximum acceptable pollutant concentrations in ambient waters within that state. Water 
quality criteria adopted in state water quality standards could have the same numerical values as criteria 
developed under section 304. However, in many situations states might want to adjust water quality 
criteria developed under section 304 to reflect local environmental conditions and human exposure 
patterns. Alternatively, states may use different data and assumptions than EPA in deriving numeric 
criteria that are scientifically defensible and protective of designated uses. It is not until their adoption 
as part of state water quality standards that criteria become regulatory. Guidelines to assist the states 
and Indian tribes in modifying the criteria presented in this document are contained in the Water 
Quality Standards Handbook (U.S. EPA, 1994). This handbook and additional guidance on the 
development of water quality standards and other water-related programs of this Agency have been 
developed by the Office of Water. 

This final document is guidance only. It does not establish or affect legal rights or obligations. 
It does not establish a binding norm and cannot be finally determinative of the issues addressed. 
Agency decisions in any particular situation will be made by applying the Clean Water Act and EPA 
regulations on the basis of specific facts presented and scientific information then available. 

Geoffrey H. Grubbs 
Director 
Office of Science and Technology 
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EXECUTIVE SUMMARY 

BACKGROUND: 

Tributyltin (TBT) is a highly toxic biocide that has been used extensively to protect the hulls of 

large ships. It is a problem in the aquatic environment because it is extremely toxic to non-target 

organisms, is linked to imposex and immuno-supression in snails and bivalves, and can be persistent. 

EP A is developing ambient water quality criteria for TBT through its authority under Section 304(a) of 

the Clean Water Act (CWA). These water quality criteria may be used by States and authorized Tribes 

to establish water quality standards for TBT. 

CRITERIA: 

Freshwater: 

For TBT, the criterion to protect freshwater aquatic life from chronic toxic effects is 0.072 

Ilg/L. This criterion is implemented as a four-day average, not to be exceeded more than once every 

three years on the average. The criterion to protect freshwater aquatic life from acute toxic effects is 

0.46Ilg/L. This criterion is implemented as a one-hour average, not to be exceeded more than once 

every three years on the average. 

Saltwater: 

For TBT, the criterion to protect saltwater aquatic life from chronic toxic effects is 0.0074 

Ilg/L. This criterion is implemented as a four-day average, not to be exceeded more than once every 

three years on the average. The criterion to protect saltwater aquatic life from acute toxic effects is 

0.42Ilg/L. This criterion is implemented as a one-hour average, not to be exceeded more than once 

every three years on the average. 

The saltwater chronic criterion for TBT differs from the criterion that was originally proposed for 

public review (0.010 Ilg/L). The development of the saltwater chronic criterion for TBT considers four 

lines of evidence: 
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(l) the traditional endpoints of adverse effects on survival, growth, and reproduction as 

demonstrated in numerous laboratory studies; 

(2) the endocrine disrupting capability of TBT as observed in the production of imposex in field 

studies; 

(3) that TBT bioaccumulates in commercially and recreationally important freshwater and 

saltwater species; and 

(4) that an important commercial organism already known to be vulnerable to a prevalent pathogen 

was made even more vulnerable by prior exposure to TBT. 

F or these reasons, the criterion to protect saltwater aquatic life from chronic toxic effects is set at 

0. 0074 Ilg/L. 

This document provides guidance to States and Tribes authorized to establish water quality 

standards under the Clean Water Act (CWA) to protect aquatic life from acute and chronic effects of 

TBT. Under the CW A, States and Tribes are to establish water quality criteria to protect designated 

uses. While this document constitutes US. EPA's scientific recommendations regarding ambient 

concentrations ofTBT, this document does not substitute for the CWA or US. EPA's regulations; nor 

is it a regulation itself. Thus, it cannot impose legally binding requirements on US. EPA, States, 

Tribes, or the regulated community, and it might not apply to a particular situation based upon the 

circumstances. State and Tribal decision-makers retain the discretion to adopt approaches on a case

by-case basis that differ from this guidance when appropriate. US. EPA may change this guidance in 

the future. 
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INTRODUCTION l 

Organotins are compounds consisting of one to four organic components attached to a tin atom 

via carbon-tin covalent bonds. When there are fewer than four carbon-tin bonds, the organotin cation 

can combine with an anion such as acetate, carbonate, chloride, fluoride, hydroxide, oxide, or sulfide. 

Thus a species such as tributyltin (TBT) is a cation whose formula is (C4H9)3Sn+. In sea water, TBT 

exists mainly as a mixture of the chloride, the hydroxide, the aquo complex, and the carbonate complex 

(Laughlin et al. 1986a). 

The principal use of organotins is as a stabilizer in the manufacturing of plastic products, for 

example, as an anti-yellowing agent in clear plastics and as a catalyst in poly(vinyl chloride) products 

(Piver 1973). Another and less extensive use of organotins is as a biocide (fungicide, bactericide, 

insecticide) and as a preservative for wood, textiles, paper, leather and electrical equipment. Total 

world-wide production of organotin compounds is estimated at 50,000 tons per year with between 15 

and 20% of the production used in the biologically active triorganotins (Bennett 1996). 

A large market exists for organotins in antifouling paint for the wet bottom of ship hulls. The 

most common organometallics used in these paints are TBT oxide and TBT methacrylate. Protection 

from fouling with these paints lasts more than two years and is superior to copper- and mercury-based 

paints. These paints have an additional advantage over other antifouling paints, such as copper sulfate 

based paint, by not promoting bimetallic corrosion. The earliest paints containing TBT were "free 

association" paints that contained a free suspension of TBT and caused high concentrations of TBT to 

be leached to the aquatic environment when the paint application was new. A later refinement was the 

"ablative" paint that shed the outer layer when in contact with water but at a slower rate than the free 

association paint. Further development of organometallic antifouling paints have been in the 

production of paints containing copolymers that control the release of the organotins and result in 

longer useful life of the paint as an antifoulant (Bennett 1996; Champ and Seligman 1996; Kirk-Othmer 

1981). The U. S. Navy (1984) proposed application of some paints containing TBT to hulls of naval 

ships. Such paint formulations have been shown to be an effective and relatively long-lived deterrent 

to adhesion of barnacles and other fouling organisms. Encrustations on ships' hulls by these organisms 

reduce maximum speed and increase fuel consumption. According to the U.S. Navy (1984), use of 

1 A comprehension of the "Guidelines for Deriving Numerical National Water Quality Criteria for the 
Protection of Aquatic Organisms and Their Uses" (Stephen et al. 1985), hereafter referred to as the Guidelines, is 
necessary to understand the following text, tables and calculations. 
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TBT paints, relative to other antifouling paints, would not only reduce fuel consumption by 15% but 

would also increase time between repainting from less than 5 years to 5 to 7 years. Interaction 

between the toxicities ofTBT and other ingredients in the paint apparently is negligible, but needs 

further study (Davidson et al. 1986a). The use ofTBT in antifouling paints on ships, boats, nets, crab 

pots, docks, and water cooling towers probably contributes most to direct release of organotins into the 

aquatic environment (Clark et al. 1988; Hall and Pinkney 1985; Kinnetic Laboratory 1984). 

A non-toxic alternative to TBT is the non-stick paint system available from several of the 

major paint manufacturers. When the paint is applied properly, the ship's hull becomes too smooth for 

algae, barnacles and other marine organisms to attach themselves to the surface (Greenpeace 1999) 

The solubility ofTBT compounds in water is influenced by such factors as the oxidation

reduction potential, pH, temperature, ionic strength, and concentration and composition of the 

dissolved organic matter (Clark et al. 1988; Corbin 1976). The solubility oftributyltin oxide in water 

was reported to be 750 Ilg/L at pH of6.6, 31,000 Ilg/L at pH of8.1, and 30,000 Ilg/L at pH 2.6 

(Maguire et al. 1983). The carbon-tin covalent bond does not hydrolyze in water (Maguire et al. 

1983,1984), and the half-life for photolysis due to sunlight is greater than 89 days (Maguire et al. 1985; 

Seligman et al. 1986). Biodegradation is the major breakdown pathway for TBT in water and 

sediments with half-lives of several days to weeks in water, and from several days to months or more 

than a year in sediments (Clark et al. 1988; de Mora et al. 1989; Lee et al. 1987; Maguire 2000; 

Maguire and Tkacz 1985; Seligman et al. 1986, 1988, 1989; Stang and Seligman 1986; Stang et al. 

1992). Breakdown products include dibutyltins (DBT), monobutyltins (MBT) and tin with some 

methyltins detected when sulfate reducing conditions were present (Yonezawa et al. 1994). Porous 

sediments with aerobic conditions decrease degradation time (Watanabe et al. 1995). 

Several review papers have been written which cover the production, use, chemistry, toxicity, 

fate and hazards ofTBT in the aquatic environment (Alzieu 1996; Batley 1996; Clark et al. 1988; Eisler 

1989; Gibbs and Bryan 1996b; Hall and Bushong 1996; Laughlin 1996; Laughlin et al. 1996; Maguire 

1996; Waldock et al. 1996; WHO 1990). The toxicities of organotin compounds are related to the 

number of organic components bonded to the tin atom and to the number of carbon atoms in the 

organic components. Toxicity to aquatic organisms generally increases as the number of organic 

components increases from one to three and decreases with the incorporation of a fourth, making 

triorganotins more toxic than other forms. Within the triorganotins, toxicity increases as the number of 

carbon atoms in the organic moiety increases from one to four, then decreases. Thus the organotin 

most toxic to aquatic life is TBT (Hall and Pinkney 1985; Laughlin and Linden 1985; Laughlin et al. 

1985). TBTs inhibit Na+ and K+ ATPases and are ionophores controlling exchange ofCl-, Br-, FI- and 
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other ions across cell membranes (Selwyn 1976). 

Metabolism of TBT has been studied in several species. Some species of algae, bacteria, and 

fungi have been shown to degrade TBT by sequential dealkylation, resulting in dibutyltin, then 

monobutyltin, and finally inorganic tin (Barug 1981; Maguire et al. 1984). Barug (1981) observed the 

biodegradation ofTBT to di- and monobutyltin by bacteria and fungi only under aerobic conditions and 

only when a secondary carbon source was supplied. Inorganic tin can be methylated and demethylated 

by estuarine microorganisms (Jackson et al. 1982). Maguire et al. (1984) reported that a 28-day culture 

of the green alga, Ankistrodesmus falcatus, with TBT resulted in 7% inorganic tin. Maguire (1986) 

reported that the half-life ofTBT exposed to microbial degradation was five months under aerobic 

conditions and 1.5 months under anaerobic conditions. TBT is also accumulated and metabolized by 

an eel grass, Zostera marina (Francios et al. 1989). Chiles et al. (1989) found that much of the TBT 

accumulated on the surface of saltwater algae and bacteria as well as within the cell. The major 

metabolite ofTBT in saltwater crabs, fish, and shrimp was dibutyltin (Lee 1985, 1986). A review of 

the metabolism ofTBT by marine aquatic organisms has been provided by Lee (1996). 

TBT is an endocrine-disrupting chemical (Matthies sen and Gibbs 1998). The chemical causes 

masculinization of certain female gastropods. It is likely the best studied example of endocrine

disrupting effect. The metabolic mechanism is thought to be due to elevating testosterone titers in the 

animals and over-riding the effects of estrogen. There are several theories of how TBT accomplishes 

the buildup of testosterone. Evidence suggests that competitive inhibition of cytochrome P450-

dependent aromatase is probably occurring in TBT exposed gastropods (Matthiessen and Gibbs 1998). 

TBT may also interfere with sulfur conjugation of testosterone and its phase I metabolites and their 

excretion resulting in a build-up of pharmacologically active androgens in some animal tissues (Ronis 

and Mason 1996). 

TBT has been measured in the water column and found highly (70-90%) associated with the 

dissolved phase (Johnson et al. 1987; Maguire 1986; Valkirs et al. 1986a), but TBT readily adsorbs to 

sediments and suspended solids where it may persist (Cardarelli and Evans 1980; Harris et al. 1996; 

Seligman et al. 1996). TBT accumulates in sediments with adsorption coefficients which range from 

1.1xl02 to 8.2xl03 LlKg; desorption appears to be a two step process (Unger et al. 1987,1988). 

Langston and Pope (1995) found that at environmentally realistic concentrations of 10 ng/L, TBT 

partitioning coefficients were closer to 2.5 xl04 
. 

In a modeling and risk assessment study ofTBT in a freshwater lake, Traas et al. (1996) 

predicted that TBT concentrations in the water and suspended matter would decrease rapidly and TBT 

concentrations in sediment and benthic organisms would decrease at a much slower rate. Dowson et al. 
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(1996) measured the half-life ofTBT in the top 5 cm of aerated freshwater and estuarine sediments. 

They measured half-lives of360 days at 450 ng/g TBT to 775 days at 1300 ng/g TBT. No degradation 

of TBT occurred during 330 days in anaerobic sediments. 

A more rapid biotic and abiotic degradation ofTBT was reported by Stang et al. (1992) in fine

grained sediments at the sediment-water interface. Sediments in these studies were observed to 

degrade 50 percent or more of the TBT to DBT and MBT in both sterile and unsterilized sediments in a 

period of days, suggesting both chemical and biological degradation processes. The authors speculated 

that it is likely that much of the residual TBT measured in harbor and estuarine sediments is either in 

particulate form from paint chips, making it less available, or has been mixed into the sediment in 

anoxic layers with reduced degradation. 

The water surface microlayer contains a much higher concentration of TBT than the water 

column (Cleary and Stebbing 1987; Hall et al. 1986; Maguire 1986; Valkirs et al. 1986a). Gucinski 

(1986) suggested that this enrichment of the surface microlayer could increase the bioavailability of 

TBT to organisms in contact with this layer. 

Elevated TBT concentrations in fresh and salt waters, sediments, and biota are primarily 

associated with harbors and marinas (Cleary and Stebbing 1985; Espourteille et al. 1993; Gibbs and 

Bryan 1996a; Grovhoug et al. 1996; Hall 1988; Hall et al. 1986; Langston et al. 1987; Maguire 

1984,1986; Maguire and Tkacz 1985; Maguire et al. 1982; Minchin and Minchin 1997; Peven et al. 

1996; Prouse and Ellis 1997; Quevauviller et al. 1989; Salazar and Salazar 1985b; Seligman et al. 

1986,1989; Short and Sharp 1989; Stallard et al. 1986; Stang and Seligman 1986; Unger et al. 1986; 

Valkirs et al. 1986b; Waite et al. 1996; Waldock and Miller 1983; Waldock et al. 1987). Several 

studies have been conducted in harbors to measure the effects of TBT on biota. Lenihan et al. (1990) 

hypothesized that changes in faunal composition in hard bottom communities in San Diego Bay were 

related to boat mooring and TBT. Salazar and Salazar (1988) found an apparent relationship between 

concentrations of TBT in waters of San Diego Bay and reduced growth of mussels. No organotins 

were detected in the muscle tissue of feral chinook salmon, Oncorhynchus tshawytscha, caught near 

Auke Bay, Alaska, but concentrations as high as 900 Ilg/kg were reported in muscle tissue of chinook 

salmon held in shallow-water pens treated with TBT (Short 1987; Short and Thrower 1986a). 

Organotin concentrations in European coastal waters in the low part per trillion range have been 

associated with oyster shell malformations (Alzieu et al. 1989; Minchin et al. 1987). 

Reevaluation of harbors in the United Kingdom revealed that since the 1987 restrictions which 

banned the retail sale and use of TBT paints for small boats or mariculture purposes, oyster culture has 

returned in the harbor areas where boat traffic is low and water exchange is good (Dyrynda 1992; 
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Evans et al. 1996; Minchin et al. 1996,1997; Page and Widdows 1991; Waite et al. 1991). Tissue 

concentrations of TBT in oysters have decreased in most of the sites sampled in the Gulf of Mexico 

since the introduction of restrictions (1988-1989) on its use (Wade et al. 1991). Canada restricted the 

use ofTBT -containing boat-hull paints in 1989, and there has been a reduction in female snail 

reproductive deformities (imposex) in many Canadian west coast sampling sites since the action (Tester 

et al. 1996). In a four-year (1987-1990) monitoring study for butyltins in mussel tissue on the two U.S. 

coasts, a general decrease in tissue concentrations was measured on the west coast, and east coast sites 

showed mixed responses (Uhler et al. 1989,1993). Some small ports in France have not seen a decline 

in imposex since the ban on TBT in boat hull paints (Huet et al. 1996). Suspicions are that the 

legislation banning the paints is being ignored. Several freshwater ecosystems were studied since the 

ban on antifouling paints in Switzerland in 1988. By 1993 TBT concentrations were decreasing in the 

water, but declines were not seen in the sediment or in the zebra mussel, Dreissena polymorpha 

(Becker-van Slooten and Tarradellas 1995; Fent and Hunn 1995). 

Because of the assumption that certain anions do not contribute to TBT toxicity, only data 

generated in toxicity and bioconcentration tests on TBTCI (tributyltin chloride; CAS 1461-22-9), TBTF 

(tributyltin fluoride; CAS 1983-10-4), TBTO [bis(tributyltin) oxide; CAS 56-35-9], commonly called 

"tributyltin oxide" and TBTS [bis(tributyltin) sulfide; CAS 4808-30-4], commonly called "tributyltin 

sulfide" were used in the derivation of the water quality criteria concentrations for aquatic life 

presented herein. All concentrations from such tests are expressed as TBT, not as tin and not as the 

chemical tested. The conversion factors are 0.8911 for TBTCI, 0.9385 for TBTF, 0.9477 for TBTO, 

0.9005 for TBTS, and 2.444 for Tin (Sn). Therefore, many concentrations listed herein are not those in 

the reference cited but are concentrations adjusted to TBT. A comprehension of the "Guidelines for 

Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their 

Uses" (Stephan et al. 1985), here after referred to as the Guidelines, and the response to public 

comment (U.S. EPA 1985a) is necessary to understand the following text, tables, and calculations. 

Results of such intermediate calculations as recalculated LC50s and Species Mean Acute Values are 

given to four significant figures to prevent roundoff error in subsequent calculations, not to reflect the 

precision of the value. The Guidelines require that all available pertinent laboratory and field 

information be used to derive a criterion consistent with sound scientific evidence. The saltwater 

criterion for TBT follows this requirement by using data from chronic exposures of copepods and 

molluscs rather than Final Acute Values and Acute-Chronic Ratios to derive the Final Chronic Value. 

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) data base of information from the 

pesticide industry was searched and some useful information was located for deriving the criteria. The 
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latest comprehensive literature search for information for this document was conducted in January 1997 

for fresh- and saltwater organisms. Some more recent data have been included in the document. 

ACUTE TOXICITY TO AQUA TIC ANIMALS 

Data that may be used, according to the Guidelines, in the derivation of Final Acute Values for 

TBT are presented in Table 1. Acute values are available for thirteen freshwater species representing 

twelve genera. For freshwater Species Mean Acute Values, 23% were <2.0 Ilg/L, 38% were <4.0 Ilg/L, 

69% were <8.0 Ilg/L, and 92% were <12.73 Ilg/L. A freshwater clam, Elliptio complanatus, had an 

LCSO of24,600 Ilg/L. The relatively low sensitivity of the freshwater clam to TBT is surprising due to 

the mollusicidal qualities ofTBT. The organism likely closes itself to the environment, minimizing 

chemical intake, and is able to temporarily tolerate high concentrations of TBT. 

The most sensitive freshwater organisms tested are from the phylum Coelenterata (Table 3). 

Three species of hydras were tested and have Species Mean Acute Values (SMAVs) ranging from 1.14 

to 1.80 Ilg/L. Other invertebrate species tested in flow-through measured tests include an amphipod, 

Gammarus pseudolimnaeus, and an annelid, Lumbriculus variegatus, and in a static measured test, 

larvae ofa mosquito, Culex sp (Brooke et al. 1986). The 96-hr LCSOs and SMAVs are 3.7, S.4 and 

10.2 Ilg/L, respectively. Six tests were conducted with the cladoceran, Daphnia magna. The 48-hr 

ECSO value of 66.3 Ilg/L (Foster 1981) was considerably less sensitive than those from the other tests 

which ranged from 1.S8 Ilg/L (LeBlanc 1976) to 18 Ilg/L (Crisinel et al. 1994). The SMAV for D. 

magna is 4.3 Ilg/L because, according to the Guidelines, when test results are available from flow

through and concentration measured tests, these have precedence over other types of acute tests. 

All the vertebrate species tested are fish. The most sensitive species is the fathead minnow, 

Pimephales promelas, which has a SMAV of2.6 Ilg/L from a single 96-hr flow-through measured test 

(Brooke et al. 1986). Rainbow trout, Oncorhynchus mykiss, were tested by four groups with good 

agreement between them. The 96-hr LCSOs ranged from 3.4S to 7.1 Ilg/L with a SMA V of 4.S71 Ilg/L 

for the three tests (Brooke et al. 1986; Martin et al. 1989; ABC Laboratories, Inc. 1990a), which were 

conducted using flow-through conditions and measured concentrations. Juvenile catfish, Ictalurus 

punctatus, were exposed to TBT in a flow-through and measured concentration test and resulted in a 

96-hr LCSO of S.S Ilg/L which is in good agreement with the other tested freshwater fish species 

(Brooke et al. 1986). Bluegill, Lepomis macrochirus, were tested by three groups. The value of 227.4 

Ilg/L (Foster 1981) appears high compared to those of7.2llg/L (Buccafusco 1976b) and 8.3 Ilg/L 
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(ABC Laboratories, Inc. 1990b). Only the flow-through measured test (ABC Laboratories, Inc. 1990b) 

can be used, according to the Guidelines, to calculate the SMA V of 8.3 Ilg/L. 

Freshwater Genus Mean Acute Values (GMAVs) are available for twelve genera which vary 

by more than 21,000 times from the least sensitive to the most sensitive. However, eleven of the 

twelve genera differ from one another by a maximum factor of 11.2 times (Figure 1). Based upon the 

twelve available GMA V s the Final Acute Value (FA V) for freshwater organisms is 0.9177 Ilg/L. The 

F A V is lower than the lowest freshwater SMA V of 1.14 Ilg/L. The freshwater Criterion Maximum 

Concentration is 0.4589 Ilg/L which is calculated by dividing the FA V by two. 

Tests of the acute toxicity of TBT to resident North American saltwater species that are useful 

for deriving water quality criteria concentrations have been performed with 26 species of invertebrates 

and seven species of fish (Table 1). The range of acute toxicity to saltwater animals is a factor of 

about 1,176. Acute values range from 0.24 Ilg/L for juveniles of the copepod, Acartia tonsa (Kusk and 

Petersen 1997) to 282.2 Ilg/L for adult Pacific oysters, Crassostrea gigas (Thain 1983). The 96-hr 

LC50s for seven saltwater fish species range from 1.460 Ilg/L for juvenile chinook salmon, 

Oncorhynchus tshawytscha (Short and Thrower 1986b, 1987) to 25.9 Ilg/L for subadult sheepshead 

minnows, Cyprinodon variegatus (Bushong et al. 1988). 

Larval bivalve molluscs and juvenile crustaceans appear to be much more sensitive than 

adults during acute exposures. The 96-hr LC50 for larval Pacific oysters, Crassostrea gigas, was 1.557 

Ilg/L, whereas the value for adults was 282.2 Ilg/L (Thain 1983). The 96-hr LC50s for larval and adult 

blue mussels, Mytilus edulis, were 2.238 and 36.98 Ilg/L, respectively (Thain 1983). The 96-hr LC50 

of 0.01466 Ilg/L reported by Becerra-Huencho (1984) for post larvae of the hard clam, M mercenaria, 

was not used because results of other studies with embryos, larvae, and post larvae of the hard clam 

where acutely lethal concentrations range from 0.6 to 4.0 Ilg/L (Tables 1 and 6) cast doubt on this 

LC50 value. Juveniles of the crustacean Acanthomysis sculpta were slightly more sensitive to TBT than 

adults (Davidson et al. 1986a,1986b; Valkirs et al. 1985). 

Genus Mean Acute Values for 30 saltwater genera range from 0.61 Ilg/L for Acanthomysis to 

204.4 Ilg/L for Ostrea (Table 3). Genus Mean Acute Values for the 10 most sensitive genera differ by 

a factor ofless than four (Figure 2). Included within these genera are four species of molluscs, six 

species of crustaceans, and one species of fish. The saltwater Final Acute Value (FA V) for TBT was 

calculated to be 0.8350 Ilg/L (Table 3), which is greater than the lowest saltwater Species Mean Acute 

Value of 0.61 Ilg/L. The saltwater Criterion Maximum Concentration is 0.4175 Ilg/L and is calculated 

by dividing the FA V by two. 
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CHRONIC TOXICITY TO AQUA TIC ANIMALS 

The available data that are usable, according to the Guidelines, concerning the chronic 

toxicity of TBT are presented in Table 2. Brooke et al. (1986) conducted a 21-day life-cycle test with a 

freshwater cladoceran and reported that the survival of adult D. magna was 40% at a TBT concentration 

of 0.5 Ilg/L, and 100% at 0.2 Ilg/L. The mean number of young per adult per reproductive day was 

reduced 30% by 0.2 Ilg/L, and was reduced only 6% by 0.1 Ilg/L. The chronic limits are 0.1 and 0.2 

Ilg/L based upon reproductive effects on adult daphnids. The chronic value for D. magna is 0.1414 

Ilg/L (geometric mean of the chronic limits), and the acute-chronic ratio of30.41 is calculated using the 

acute value of 4.3 Ilg/L from the same study. 

D. magna were exposed in a second 21-day life-cycle test to TBT (ABC Laboratories, Inc. 

1990d). Exposure concentrations ranged from 0.12 to 1.27 Ilg/L as TBT. Survival of adults was 

significantly reduced (45%) from the controls at • ~.34 Ilg/L but not at 0.19 Ilg/L. Mean number of 

young per adult per reproductive day was significantly reduced at the same concentrations affecting 

survival. The chronic limits are 0.19 Ilg/L where no effects were seen and 0.34 Ilg/L where survival and 

reproduction were reduced. The Chronic Value is 0.2542 Ilg/L and the Acute-Chronic Ratio is 44.06 

when calculated from the acute value of 11.2 Ilg/L from the same test. The Acute-Chronic Ratio for D. 

magna is 36.60 which is the geometric mean of the two available Acute-Chronic ratios (30.41 and 

44.06) for this species. 

In an early life-stage test (32-day duration) with the fathead minnow, Pimephales promelas, 

all fish exposed to the highest exposure concentration of 2.20 Ilg/L died during the test (Brooke et al. 

1986). Survival was not reduced at 0.92 Ilg/L or any of the lower TBT concentrations. The mean 

weight of the surviving fish was reduced 4% at 0.08 Ilg/L, 9% at 0.15 Ilg/L, 26% at 0.45 Ilg/L, and 

48% at 0.92 Ilg/L when compared to the control fish. Mean length of fry at the end of the test was 

significantly (p. ~.05) reduced at concentrations • ~.45 Ilg/L. The mean biomass at the end of the test 

was higher at the two lowest TBT concentrations (0.08 and 0.15 Ilg/L) than in the controls, but was 

reduced by 13 and 52% at TBT concentrations of 0.45 and 0.92 Ilg/L, respectively. Because the 

reductions in weight of individual fish were small at the two lowest concentrations (0.08 and 0.15 

Ilg/L) and the mean biomass increased at these same concentrations, the chronic limits are 0.15 and 

0.45 Ilg/L based upon growth (length and weight). Thus the chronic value is 0.2598 Ilg/L and the 

acute-chronic ratio is 10.01 calculated using the acute value of2.6 Ilg/L from the same study. 
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A partial life cycle test (began with egg capsules and ended before egg capsules were 

produced by the F 1 generation) was conducted with the saltwater stenoglossan snail Nucella lapillus 

(Harding et al. 1996). The study was conducted for one year with observations of egg capsule 

production, survival, and growth. The study by Harding et al. (1996) was a continuation of a study by 

Bailey et al. (1991) during which they exposed eggs and juvenile snails for one year to TBT. The study 

by Harding et al. (1996) began with egg capsules produced by adults at the end of the study by Bailey 

et al. (1991). Negative effects due to TBT were only observed in egg capsule production from the 

adults of the previous study. Females that had not been exposed for one year to TBT produced 14.42 

egg capsules per female. Females that had been exposed to <0.0027,0.0074,0.0278, and 0.1077 Ilg 

TBT/L for one year produced 135.6, 104.6,44.8, and 23.4% as many egg capsules as the controls for 

the respective TBT concentrations. The chronic value is based upon reproductive effects and is the 

geometric mean of the lowest observed effect concentration (LOEC) of 0.0278 Ilg/L and the no 

observed effect concentration (NOEC) of 0.0074 Ilg/L which is 0.0143 Ilg/L. Survival and growth 

were not affected at any TBT concentration tested. An acute-chronic ratio of 5,084 can be calculated 

using the acute value from this test of 72.7 Ilg/L. The acute-chronic ratio for N lapillus is about 139 

times higher than the next lower acute-chronic ratio for D. magna (36.60). It is not used to calculate a 

final acute-chronic ratio because it is more than ten times higher than any other ratio. 

Two partial life-cycle toxicity tests were conducted using the marine copepod, Eurytemora 

affinis (Hall et al. 1987, 1988a). Tests began with egg-carrying females and lasted 13 days. In the first 

test, mean brood size was reduced from 15.2 neonates/female in the control to 0.2 neonates/female in 

0.4 79 Ilg/L after three days. Percentage survival of neonates was 79% less than control survival in the 

lowest tested TBT concentration (0.088 Ilg/L), and 0% in 0.479 Ilg/L. The chronic value is <0.088 Ilg/L 

in this test. 

In the second copepod test, percentage survival of neonates was significantly reduced (73% 

less than control survival) in 0.224 Ilg/L; brood size was unaffected in any tested concentration (0.018-

0.224Ilg/L). No statistically significant effects were detected in concentrations • ~.094 Ilg/L. The 

chronic value in this test is 0.145 Ilg/L. It is calculated as the geometric mean of the NOEC (0.094 

Ilg/L) and the LOEC (0.224Ilg/L). The acute-chronic ratio is 15.17 when the acute value of2.2llg/L 

from this test is used. 

Life-cycle toxicity tests were conducted with the saltwater my sid, Acanthomysis sculpta 

(Davidson et al. 1986a, 1986b). The effects of TBT on survival, growth, and reproduction of A. sculpta 

were determined in five separate tests lasting from 28 to 63 days. The tests separately examined effects 

ofTBT on survival (1 test), growth (3 tests) and reproduction (1 test) instead of the approach of 
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examining all endpoints in one life-cycle test. All tests began with newly released juveniles and lasted 

through maturation and spawning; therefore, they are treated as one life-cycle test. The number of 

juveniles released per female at a TBT concentration of 0.19 I1g/L was 50% of the number released in 

the control treatment, whereas the number released at the next lower TBT concentration (0.09 I1g/L) 

was not significantly different from the control treatment. Reductions in the number of juveniles 

released resulted from deaths of embryos within brood pouches of individual females and not from 

reduced fecundity. Numbers of females releasing viable juveniles was reduced in 0.19 and 0.33 I1g/1. 

At concentrations of 0.38 I1g/L and above, survival and weight of female mysids were reduced; all 

mysids in 0.48 I1g/L died. The chronic value (0.1308 I1g/L) is the geometric mean of 0.09 I1g/L and 

0.19 I1g/L and is based upon reproductive effects. The acute-chronic ratio is 4.664 when an acute value 

of 0.61 I1g/L reported by Valkirs et al. (1985) is used (Table 2). The acute and chronic tests were 

conducted in the same laboratory. 

The Final Acute-Chronic Ratio of 12.69 was calculated as the geometric mean of the acute

chronic ratios of36.60 for D. magna, 10.01 for P. promeias, 4.664 for A. scuipta and 15.17 for E. 

ajjinis. Division of the freshwater and saltwater Final Acute Values by 12.69 results in Final Chronic 

Values for freshwater of 0.0723 I1g/L and for saltwater ofO.065811g/L (Table 3). Both of these 

Chronic Values are below the experimentally determined chronic values from life-cycle or early life

stage tests (0.1414 I1g/L for D. magna and 0.1308 I1g/L for A. sculpta). The close agreement between 

the saltwater Final Chronic Value and the freshwater Final Chronic Value suggests that salinity has 

little if any affect on the toxicity of TBT. 

TOXICITY TO AQUA TIC PLANTS 

The various plant species tested are highly variable in sensitivity to TBT. Twenty species of 

algae and diatoms were tested in fresh and salt water. The saltwater species appear to be more sensitive 

to TBT than the freshwater species for which data are available. No explanation is apparent. 

Blanck et al. (1984) and Blanck (1986) reported the concentrations ofTBT that prevented 

growth of thirteen freshwater algal species (Table 4). These concentrations ranged from 56.1 to 1,782 

I1g/L, but most were between 100 and 250 I1g/1. Fargasova and Kizlink (1996), Huang et al. (1993), 

and Miana et al. (1993) measured severe reduction in growth of several green alga species at TBT 

concentrations ranging from 1 to 12.4 I1g/1. Several green alga species appear to be as sensitive to 

TBT as many animal species (compare Table 4 with Table 1). 
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Toxicity tests on TBT have been conducted with five species of saltwater phytoplankton 

including the diatoms, Skeletonema costatum and Nitzshia sp., and the flagellate green algae, Dunaliella 

tertiolecta, D. salina and D. viridis. The 14-day EC50's (reduction in growth) for S. costatum of>0.12 

but <0.24 Ilg/L in one test and 0.06 Ilg/L in a second test (EG&G Bionomics 1981c) were the lowest 

values reported for algal species. Thain (1983) reported that measured concentrations from 0.97 to 17 

Ilg/L were algistatic to the same species in five-day exposures. The results for algal toxicity tests with 

the same species varied between laboratories by more than an order of magnitude. A diatom, Nitzschia 

sp., and two flagellate green alga of the genus Dunaliella sp. were less sensitive to TBT than S. 

costatum, but they were more sensitive than most species of freshwater algae. No data are available on 

the effects of TBT on fresh or saltwater vascular plants. 

A Final Plant Value, as defined in the Guidelines, cannot be obtained because no test in 

which the concentrations ofTBT were measured and the endpoint was biologically important has been 

conducted with an important aquatic plant species. The available data do indicate that freshwater and 

saltwater plants will be protected by TBT concentrations that adequately protect freshwater and 

saltwater animals. 

ENDOCRINE DISRUPTION EFFECTS DATA 

TBT has been shown to produce the superimposition of male sexual characteristics on female 

neogastropod (stenoglossan) snails (Gibbs and Bryan 1987; Smith 1981b) and one freshwater 

gastropod (Prosobranchia), Marisa cornuarietis (Schulte-Oehlmann et al. 1995). This phenomenon, 

termed "imposex," can result in females with a penis, a duct leading to the vas deferens, and a 

convolution of the normally straight oviduct (Smith 1981a). Other anatomical changes associated with 

imposex are detailed in Gibbs et al. (1988) and Gibbs and Bryan (1987). Severity of impose x is 

quantified using relative penis size (RPSI; ratio of female to male penis volume3 x 100) and the six 

developmental stages of the vas deferens sequence index (VDSI) (Bryan et al. 1986; Gibbs et al. 1987). 

TBT has been shown to impact populations of the Atlantic dogwhinkle (dogwhelk), Nucella lapillus, 

which has direct development. In neoglossian snails with indirect development (planktonic larval 

stages), the impacts of TBT are less certain because recruitment from distant stocks of organisms can 

occur. Natural pseudohemaphroditism in neoglossans occurs (Salazar and Champ 1988) and may be 

caused by other organotin compounds (Bryan et al. 1988). However, increased global incidence and 

severity of imposex has been associated with areas of high boating activity and low to moderate 
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concentrations (low parts per trillion) ofTBT in water, sediment or snails and other biota (Alvarez and 

Ellis 1990; Bailey and Davies 1988a, 1988b; Bryan et al. 1986, 1987a; Davies et al. 1987, Durchon 

1982; Ellis and Pottisina 1990; Gibbs and Bryan 1986, 1987; Gibbs et al. 1987; Langston et al. 1990; 

Short et al. 1989; Smith 1981a, 1981b; Spence et al. 1990a). Imposex has been observed (12% of the 

females) in common whelk, Buccinum undatum, in the North Sea as far as 110 nautical miles from land 

(Ide et al. 1997). The sample from this site averaged 1.4 Ilg TBT Ikg of wet weight soft tissues. Other 

samples of organisms collected nearer to shore in various places in the North Sea generally had higher 

TBT concentrations. 

Although imposex has been observed in 45 species of snails worldwide (Ellis and Pottisina 

1990, Jenner 1979), definitive laboratory and field studies implicating TBT as the cause have focused 

on seven North American or cosmopolitan species; the Atlantic dogwhinkle (N lapillus), file 

dogwhinkle (N lima), eastern mud snail [Ilyanassa (Nassarius) obsoleta], a snail (Hinia reticulta), 

whelks (Thais orbita and T clavigera), and the European sting winkle (Ocenebra erinacea). Imposex 

has been associated with reduced reproductive potential and altered density and population structure in 

field populations of N lapillus (Harding et al. 1997; Spence et al. 1990a). This is related to blockage of 

the oviduct by the vas deferens, hence, prevention of release of egg capsules, sterilization of the female 

or change into an apparently functional male (Bryan et al. 1986; Gibbs and Bryan 1986,1987; Gibbs et 

al. 1987,1988). TBT may reduce populations of N lima because snails were absent from marinas in 

Auke Bay, AK. At intermediate distances from marinas, about 25 were caught per hour of sampling 

and 250 per hour were caught at sites distant from marinas (Short et al. 1989). Snails from intermediate 

sites had blocked oviducts. Reduced proportions of female !. obsoleta in Sarah Creek, VA also 

suggests population impacts (Bryan et al. 1989a). However, other causes may explain this as oviducts 

which were not blocked and indirect development (planktonic larvae) facilitating recruitment from 

other areas which may limit impacts. 

Several field studies have used transplantations of snails between sites or snails painted with 

TBT paints to investigate the role of TBT or proximity to marinas in the development of imposex 

without defining actual exposure concentrations of TBT. Short et al. (1989) painted N lima with TBT

based paint, copper paints or unpainted controls. For 21 females painted with TBT paint, seven 

developed penises within one month, whereas, penises were absent from 35 females from other 

treatments. Smith (1981a) transplanted!. obsoleta between marinas and "clean" locations and found 

that incidence of imposex was unchanged after 19 weeks in snails kept at clean locations or marinas, 

increased in snails transplanted from clean sites to marinas and decreased somewhat in transplants from 

marinas to clean sites. Snails exposed in the laboratory to TBT -based paints in two separate 
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experiments developed imposex within one month with maximum impact within 6 to 12 months (Smith 

1981a). Snails painted with non-TBT paints were unaffected. 

Concentration-response data demonstrate a similarity in the response of snails to TBT in 

controlled laboratory and field studies (Text Table A). Eastern mud snails, 1. obsoleta, collected from 

the York River, VA near Sarah Creek had no incidence of imposex (Bryan et al. 1989a) and contained 

no detectable TBT «0.020 Ilg/g dry weight). The average TBT concentrations of York River water 

was 0.0016 Ilg/L. In contrast, the average TBT concentrations from four locations in Sarah Creek, VA 

were from 0.010 to 0.023 Ilg/L, snails contained about 0.1 to 0.73 Ilg/g TBT and there was a 40 to 

100% incidence of imposex. Short et al. (1989) collected file dogwhinkle snails, N lima, from Auke 

Bay, AK and did not detect imposex or TBT in snails from sites far from marinas. Snails from 

locations near marinas all exhibited imposex and contained 0.03 to 0.16 Ilg/g TBT dry wt. tissue. 
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Text Table A. Summary of available laboratory and field studies relating the extent of imposex of female snails, measured by relative penis 
size (RPSI ~ ratio of female to male penis volume3 x 100) and the vas deferens sequence index (VDSI), as a function of 
tributyltin concentration in water and dry tissue. 

TBT Concentration Iml20sex 

Snail 
Experimental Water Tissue 

Sl2ecies Design ~ ~ RPSI VDSI Comments Reference 

Eastern mud Field-York River, UK 0.0016 <0.02 No imposex Bryan et al. 
snail, -Sarah Creek 0.01-0.023 • ~.1-0.73 40-100% incidence 1989a 
Jlyanassa 
obsoleta 

File Field-Auke Bay, AK ND«O.OI) 0.0 0.0 0% incidence Short et al. 
dogwhinkle, -Auke Bay, AK 0.03-0.16 14-34 2.2-4.3 100% incidence, reduced 1989 
Nucella lima abundance 

Atlantic Crooklets Beach, UK <0.0012* 0.14-0.25* 2-65 2.9 Bryan et al. 
dogwhinkle, Laboratory: 2 year • ~.0036* 0.41 * 10114.2 3.7/3.7 1987a 
(adults), exposure 0.0083* 0.74* 43.8 3.9 
Nucella lapillus 0.046* 4.5* 56.4 4.0 

0.26* 8.5* 63.3 4.1 Some sterilization 

Atlantic Laboratory, spires ·5.1 * 10-50 Bryan et al. 
dogwhinkle, painted, 8 mo. 1987b 
Nucella lapillus 

Atlantic Crooklets Beach, UK <0.0012 0.19 3.7 3.2 Normal females Gibbs et al. 
dogwhinkle, 1988 
(egg capsule to Laboratory; 2 year 0.0036 0.58 48.4 4.4 113 sterile, 160 capsules 
adult), exposure 0.0093 1.4 96.6 5.1 All sterile, 2 capsules 
Nucella lapillus 0.049 4.1 109 5.0 All sterile, 0 capsules 

0.24 7.7 90.4 5.0 All sterile, 0 capsules 

Atlantic Transplants, 0.022- 9.7 96.3 5.0 All sterile Gibbs et al. 
dogwhinkle, Crooklets Beach to 0.046 1988 
Nucella lapillus Dart Estuary, UK 

Atlantic Port Joke, UK 0.11 * 0.0 0% aborted egg capsules Gibbs and 
dogwhinkle, Crooklets Beach 0.21 * 2.0 0% aborted egg capsules Bryan 1986; 
Nucella lapillus Meadfoot 0.32* 30.6 15% aborted egg capsules Gibbs et al. 

Renney Rocks 0.43* 38.9 38% aborted egg capsules 1987 
Batten Bay 1.54* 22.9 79% aborted egg capsules 

Atlantic Laboratory, flow- <0.0015 <0.10* 0.10 l.06 Control, 37.1 % imposex Bailey et al. 
dogwhinkle, through, one year <0.0015 <0.10* 0.04 0.70 Solvent control, 24.3% 1991 
Nucella lapillus imposex 

<0.0027 0.35* 5.33 3.15 5.3% reduced growth, 
92.3% imposex 

0.0077 l.l0* 20.84 3.97 11.0% reduced growth, 
100% imposex 

0.0334 3.05* 42.08 4.33 17.1 % reduced growth, 
100% imposex 

0.1246 4.85* 63.40 4.25 18.9% reduced growth, 
100% imposex 

Atlantic Laboratory, flow- <0.0015 <0.10 0.07 l.28 Control, 42.2% imposex Harding et 
dogwhinkle, through, one year <0.0015 <0.10 0.04 l.l4 Solvent control, 37.5% al. 1996 
Nucella lapillus imposex 

0.0026 <0.10 64.04 3.98 98.9% imposex 
0.0074 0.38 88.57 4.96 98.8% imposex 
0.0278 l.l2 90.96 5.00 100% imposex 
0.1077 3.32 ll7.70 4.99 98.7% imposex 
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Text Table A. Continued 

TBT Concentration Iml20sex 

Snail 
Experimental Water Tissue 

Sl2ecies Design ~ ~ RPSI VDSI Comments Reference 

Snail, Field-32 sites Nand <l.5 <10 <3.0 Low imposex incidence Stroben et 
Hinia reticulata NWFrance >l.5 >30 >3.0 High imposex incidence al. 1992a 

Whelk, Field-Queenscliff, 0.365* 19.55 100% incidence Foale 1993 
Thais orbita UK 0.224* 12.16 100% incidence 

-Sandringham <0.002* 7.34 100% incidence 
-Brighton 0.255* 3.67 92.3% incidence 
-Portarlington 0.045* 2.55 100% incidence 
-Mornington <0.002* l.25 100% incidence 
-Williamstown 0.031 * 0.03 25% incidence 
-Martha Point 0.011 * 0.02 35.7% incidence 
-Kirk Point 0.108* 0 0% incidence 
-Cape Schanck 0.095* 0 0% incidence 
-Cape Schanck ND 0 0% incidence 
-Barwon Heads 0.071 * 0 0% incidence 
-Barwon Heads 

Whelk, Field-32 sites Japan 0.005 <10 100% incidence Horiguchi et 
Thais clavigera 0.010 1-42 100% incidence al. 1995 

0.020 30-75 100% incidence 
0.030 30 100% incidence 
0.040 75 100% incidence 
0.050 80 100% incidence 
0.060 80 100% incidence 
0.070 40 100% incidence 
0.080 40 100% incidence 

Common whelk, Laboratory; 10 month Control 17% some imposex Mensink et 
(juvenile), exposure with 0.01 22% some imposex al. 1996 
Buccinum Wadden Sea water 0.10 80% some imposex 
undatum l.0 • '10.1 98% severe imposex; 88% 

developed vas deferens 

European sting Field-19 sites SW UK 0.185 0 No imposex Gibbs et al. 
winkle, <0.024 0 No imposex 1990 
Ocenebra 0.187 16.3 Females somewhat 
erinacea 0.773 66.9 deformed 

2.313 88.2 Females highly deformed 
0.976 7l.l Females highly deformed 
l.057 53.4 Females highly deformed 
l.200 84.2 Females highly deformed 
0.303 7.4 Females highly deformed 
0.122 7.0 Females somewhat 
0.703 36.0 deformed 
0.764 52.7 Females somewhat 
0.527 46.5 deformed 
0.488 42.3 Females highly deformed 
0.366 0.04 Females highly deformed 
0.253 33.9 Females highly deformed 
0.832 58.0 Females highly deformed 
l.01O 79.3 Females somewhat 
0.510 59.7 deformed 

Females highly deformed 
Females highly deformed 
Females highly deformed 
Females highly deformed 
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* Concentrations changed from Ilg Sn/L or Ilg Sn/g wet tissue to Ilg TBT/L or Ilg TBT/g dry weight tissue. Dry weight estimated as 20% 
of wet weight (or 80% water content). 

Gibbs et al. (1988) conducted a laboratory study with the Atlantic dogwhinkle, Nucella 

lapillus, exposed to a dilution water control and four TBT exposures. Since the dilution water control 

collected nearby had low levels ofTBT, organisms were also collected from a nearby uncontaminated 

site. Concentrations ofTBT in females were 0.19 Ilg/g dry wt. in the field, 0.58 Ilg/g dry wt. in the 

0.0036 Ilg/L laboratory water treatment and from 1.4 to 7.7 Ilg/g dry weight in >0.0093 Ilg/L laboratory 

water treatments. Similar concentrations ofTBT (9.7 Ilg/g dry wt.) were found in snails which became 

sterile after they were placed in the Dart Estuary, UK where TBT concentrations range from 0.022 to 

0.046 Ilg/L (Gibbs et al. 1988). Gibbs and Bryan (1986) and Gibbs et al. (1987) report imposex and 

reproductive failures at other marine sites where TBT concentrations in female snails range from 0.32 to 

1.54 Ilg/g dry wt. tissue. In two studies conducted concurrently with H. lapillus for one year each, 

imposex was observed. In the first study (Bailey et al. 1991), imposex (. ~tage 2) was observed in 

• ~2.3% of the females exposed to TBT at near 0.0027 Ilg/L or greater (up to 0.1246 Ilg/L) at the end of 

the study. Harding et al. (1996) exposed the offspring from parents exposed in the study by Bailey et al. 

(1991) for one additional year to similar TBT concentrations. In the second generation ofTBT -treated 

snails, body burdens of TBT were lower in the second generation at similar treatment concentrations 

used in the first generation, but the RPSI and VDSI values were higher. Harding et al. (1996) found 

• ~8.7% imposex in females at TBT concentrations • ~.0026 Ilg/L. 

Four species of snails (Hinia reticulata, Thais orbita, T. clavigera and Ocenebra erinacea) not 

resident to North America also demonstrated imposex effects when exposed to TBT in field studies 

(Text Table A). The snail H. reticulata is less sensitive to TBT than other snails having higher body 

burdens (>1.5 Ilg/g dry wt.) before showing affects of imposex. Thais sp. showed high imposex 

incidence at tissue concentrations as low as 0.005 Ilg/g dry wt. and no imposex at other locations with 

tissue concentrations of 0.108 Ilg/g dry wt. Ocenebra erinacea did not show imposex in a field study at 

body burdens as high as 0.185 Ilg/g dry wt., but females were deformed at all higher concentrations. 

In summary, in both field and laboratory studies, concentrations of TBT in water of about 

0.0015 Ilg/L or less and in tissues of about O.2llg/g dry wt. or less do not appear to cause imposex inN 

lapillus. Imposex begins to occur at about 0.003 Ilg TBT/L, and some reproductive failure at 

concentrations greater than 0.005 Ilg/L, with complete sterility occurring after chronic exposure of 

sensitive early life-stages at • ~.009 Ilg/L (for less sensitive stages, imposex does not occur until about 

0.02 Ilg/L in some studies and greater than 0.2 Ilg/L in others). 
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BIOACCUMULA TION 

Bioaccumulation ofTBT has been measured in one species of freshwater mollusc and four 

species of freshwater fish (Table 5). Adults of the zebra mussel, Dreissena polymorpha, were placed in 

cages at a freshwater marina and at an uncontaminated site in a lake for 105 days (Becker-van Slooten 

and Tarradellas 1994). Subsamples of the organisms were periodically monitored for TBT tissue 

concentrations. They reached steady-state concentrations after 35 days. The BCF/BAF was 17,483 

when adjusted for wet weight and lipid normalized to 1 % for TBT at an average water exposure 

concentration of 0.0703 Ilg/L. Growth of the TBT -exposed organisms may have been slightly reduced. 

Martin et al. (1989) determined the whole body bioconcentration factor (BCF) for rainbow trout, 

Oncorhynchus mykiss to be 406 after a 64-day exposure to 0.513 Ilg TBT/L. Equilibrium of the TBT 

concentration was achieved in the fish in 24 to 48 hrs. In a separate exposure to 1.026 Ilg TBT IL, 

rainbow trout organs were assayed for TBT content after a 15-day exposure. The BCFs ranged from 

312 for muscle to 5,419 for peritoneal fat. TBT was more highly concentrated than the metabolites of 

di- and monobutyltin or tin. Carp, Cyprinus carpio, and guppy, Poe cilia reticulatus, demonstrated 

plateau BCF's in 14 days. BCFs were 501.2 based on carp muscle tissue, and from approximately 1,190 

to 2,250 based on whole body tissue (Tsuda et al. 1990a). BCFs based on whole body guppy tissue 

were somewhat lower ranging from 240 to 460 (Tsuda et al. 1990b). Goldfish, Carassius auratus, 

reached a BCF in the whole body after 28 days of 1,976. 

The extent to which TBT is accumulated by saltwater animals from the field or from laboratory 

tests lasting 28 days or more has been investigated with four species of bivalve molluscs, two species of 

snails (Table 5). Thain and Waldock (1985) reported a BCF of 6,833 for the soft parts of blue mussel 

spat exposed to 0.24 Ilg/L for 45 days. In other laboratory exposures of blue mussels, Salazar et al. 

(1987) observed BCFs of 10,400 to 37,500 after 56 days of exposure. BAPs from field deployments of 

mussels were similar to the BCFs from laboratory studies: 11,000 to 25,000 (Salazar and Salazar 1990a) 

and 5,000 to 60,000 (Salazar and Salazar 1991). In a study by Bryan et al. (1987a), laboratory BCFs for 

the snail Nucella lapillus (11,000 to 38,000) also were similar to field BAPs (17,000). Year-long 

laboratory studies by Bailey et al. (1991) and Harding et al. (1996) produced similar BAFs in N lapillus 

ranging from 6,172 to 21,964. In these tests, TBT concentrations ranged from 0.00257 to 0.125 Ilg/L, 

but there was no increase in BAPs with increased water concentration ofTBT. 

The soft parts of the Pacific oyster, Crassostrea gigas, exposed to TBT for 56 days contained 

11,400 times the exposure concentration of 0.146 Ilg/L (Waldock and Thain 1983). A BCF of 6,047 
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was observed for the soft parts ofthe Pacific oyster exposed to 0.1460 Ilg/L for 21 days (Waldock et al. 

1983). The lowest steady-state BCF reported for a bivalve was 192.3 for the soft parts of the European 

flat oyster, Ostrea edulis, exposed to a TBT concentration of2.62 Ilg/L for 45 days (Thain and Waldock 

1985; Thain 1986). Other tests with the same species (Table 5) resulted in BCFs ranging from 397 to 

1,167. 

In a field study conducted in the Icelandic harbor of Reykjavik with the blue mussel, M edulis, 

and the Atlantic dogwhelk, N lapillus, seasonal fluctuations were seen in body burdens ofTBT and 

DBT (Skarphedinsdottir et al. 1996). They did not report the water concentrations for TBT, and 

speculated that because shipping did not vary seasonally, the fluctuations in body burdens were due to 

seasonal feeding and resting activities. They demonstrated that body burdens ofTBT and DBT were 

highest at high latitudes during late summer or early autumn. 

No U.S. FDA action level or other maximum acceptable concentration in tissue, as defined in 

the Guidelines, is available for TBT, and, therefore, no Final Residue Value can be calculated. 

OTHER DATA 

Many tests with TBT and various freshwater or saltwater organisms have been conducted either 

for a different duration or by different protocols than those specified in the Guidelines for inclusion in 

Tables 1,2,4 and 5. These data, presented in Table 6, are potentially useful and sometimes support data 

in other tables. For example, plant tests were included in Table 6 rather than Table 4 if the test duration 

was less than 4 days or the exposure concentrations were not measured. Tests with animals were 

included in Table 6 for a number of reasons, including considerations of test duration, type of test, and 

test endpoints other than those of toxicity or bioaccumulation. The data in this section are used to lower 

the saltwater CCC value. 

Several studies report the effects of TBT on natural groups of organisms in laboratory 

microcosms. In most of these studies, the effects of TBT administered to the water were rapid. Two 

microcosm studies were conducted with freshwater organisms (Delupis and Miniero, 1989; Miniero and 

Delupis, 1991) in which single dose effects were measured on natural assemblages of organisms. In 

both studies, the effects were immediate. D. magna disappeared soon after an 80 Ilg/L dose ofTBT, 

ostracods increased, and algal species increased immediately then gradually disappeared during the 55-

day study. In the second study (Miniero and Delupis, 1991), metabolism was monitored by measuring 

oxygen consumption and again the effects were rapid. Doses ofTBT (4.7 and 14.9 Ilg/L) were 
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administered once and metabolism was reduced at 2.S days and returned to normal in 14.1 days in the 

lower exposure. In the higher exposure, metabolism was reduced in one day and returned to normal in 

16 days. Kelly et al. (l990a) observed a similar response in a seagrass bed at 22.21 Ilg/L ofTBT. The 

primary herbivore, Cymadusa compta, declined and the sea grass increased in biomass. Saltwater 

microbial populations were exposed for one hour to TBT concentrations of 4.4S4 and 89.07 Ilg/L then 

incubated for 10 days (Jonas et al. 1984). At the lower concentration, metabolism of nutrient substrates 

was reduced and at the higher concentration, SO percent mortality of microbes occurred. 

Several fresh and saltwater algal species were exposed to TBT for various time intervals and 

several endpoints determined. Toxicity (ECSO) in freshwater species ranged from S Ilg/L for a natural 

assemblage to 20 Ilg/L for the green alga Ankistrodesmus falcatus (Wong et al. 1982). Several salt water 

alga, a green alga, Dunaliella tertiolecta; the diatoms, Minutocellus polymorphus, Nitzshia sp., 

Phaeodactylum tricornutum, Skeletonema costatum, and Thallassiosira pseudonana; the dinoflagellate, 

Gymnodinium splendens, the microalga, Pavlova lutheri and the macro alga, Fucus vesiculosus were 

tested for growth endpoints. The 72-hr ECSOs based on population growth ranged from approximately 

0.3 to <1.S Ilg/L (Table 6). Lethal concentrations were generally more than an order of magnitude 

greater than ECSOs and ranged from 10.24 to 13.82 Ilg/L. Identical tests conducted with tributyltin 

acetate, tributyltin chloride, tributyltin fluoride, and tributyltin oxide exposures with S. costatum resulted 

in ECSOs from 0.2346 to 0.4693 Ilg/L and LCSOs from 10.24 to 13.82 Ilg/L (Walsh et al. 1985, 1987). 

The freshwater invertebrates, a rotifer (Brachionus calyciflorus) and a coelentrate (Hydra sp.), 

showed widely differing sensitivities to TBT. Hydra sp. were affected at O.S Ilg/L resulting in deformed 

tentacles, but the rotifer did not show an effect on hatching success until the exposure concentration 

reached 72 Ilg/L. The cladoceran, D. magna, has 24-hr ECSOs ranging from 3 (Polster and Halacha 

1972) to 13.6Ilg/L (Vighi and Calamari 1985). When the endpoint of altered phototaxis was examined 

in a longer-term exposure of 8 days, a much lower effect concentration of O.4S Ilg/L was measured 

(Meador 1986). 

Saltwater invertebrates (exclusive of molluscs) had reduced survival at concentrations as low as 

O.SOO Ilg/L for the polychaete worm, Neanthes arenaceodentata in a 10 week exposure to TBT (Moore 

et al. 1991) and 0.003 Ilg/L in a copepod, Acartia tonsa, in an eight-day exposure (Kusk and Peterson 

1997). Other invertebrates were more hardy including an amphipod, Orchestia traskiana, that had an 

LC80 and an LC90 of9.7 Ilg/L for nine day exposures to TBTO and TBTF, respectively (Laughlin et al. 

1982). Larvae of the mud crab, Rhithropanopeus harrisii, tolerated high concentrations ofTBT with one 

test resulting in an LCSO of33.6Ilg/L for a 40 day exposure (Laughlin and French 1989). 

A number of studies showed that TBT exposure resulted in developmental problems for non-
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mollusc invertebrates. For example, the copepod, A. tonsa, had slower rate of development from nauplii 

to copepodid stage at 0.003 Ilg/L (Kusk and Petersen 1997); the grass shrimp, Palaemonetes pugio, had 

retarded telson regeneration at O.lllg/L (Khan et al. 1993); the mud crab, R. harrisii, had reduced 

developmental rate at 14.60 Ilg/L (Laughlin et al. 1983); retarded limb regeneration in the fiddler crab, 

Uca pugilator, at 0.5 Ilg/L (Weis et al. 1987a); and retarded arm regeneration in the brittle star, 

Brevoortia tyrannus, at· ~.lllg/L (Walsh et al. 1986a). 

Vertebrates are as sensitive to TBT as invertebrates when the exposures are of sufficient 

duration. Rainbow trout, 0. mykiss, exposed in short-term exposures of 24 to 48 hr have LC50 and 

EC50 values from 18.9 to 30.8 Ilg/L (Table 6). When the exposure is increased to 110 days (Seinen et 

al. 1981), the LC 1 00 decreased to 4.46 Ilg/L and a 20% reduction in growth was seen at 0.18 Ilg/L. de 

Vries et al. (1991) measured a similar response in rainbow trout growth in another 110 day exposure. 

They demonstrated decreased survival and growth at 0.200 Ilg/L but not at 0.040 Ilg/L. Triebskom et al. 

(1994) found reduced growth and behavior changes in the fish at 21 days when exposed to 0.5 IlglL. 

The frog, Rana temporaria, has a LC50 of 28.2 Ilg/L for a 5-day exposure to TBT (Laughlin and Linden 

1982). 

An attempt was made to measure the bioconcentration ofTBT with the green alga, 

Ankistrodesmus falcatus (Maguire et al. 1984). The algae are able to degrade TBT to its di- and 

monobutyl forms. As a result, the concentrations ofTBT steadily declined during the 28-day study. 

During the first seven days of exposure, the concentrations declined from 20 to 5.2 Ilg/L and the 

calculated BCF was 300 (Table 6). After 28 days of exposure, the TBT concentration had declined to 

1.5 Ilg/L and the calculated BCF was 467. Several studies reported BCFs for fish but failed to 

demonstrate plateau concentrations in the organism. In these studies, rainbow trout BCFs ranged from 

540 (Triebskom et al. 1994) to 3,833 (Schwaiger et al. 1992). Goldfish achieved a BCF of 1,230 (Tsuda 

et al. 1988b) in a 14-day exposure and carp achieved a BCF of 295 in the muscle tissue in 7 days (Tsuda 

et al. 1987). 

Reproductive abnormalities have also been observed in the European flat oyster, Ostrea edulis 

(Thain 1986). After exposure for 75 days to a TBT concentration of 0.24 Ilg/L, a retardation in the sex 

change from male to female was observed and larval production was completely inhibited. A TBT 

concentration of 2.6 Ilg/L prevented development of gonads (Table 6). Salazar et al. (1987) found no 

negative effects in the same species at 0.157 Ilg/L, but Thain and Waldock (1985) and Thain (1986) 

measured reduced growth at 0.2392 Ilg/L and reduced survival (30%) at 2.6 Ilg/L (Table 6). 

Survival and growth of several commercially important saltwater bivalve molluscs have been 

studied during acute and long-term exposures to TBT. Mortality of larval blue mussels, Mytilus edulis, 
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exposed to 0.0973 Ilg/L for 15 days was 51 %; survivors were moribund and stunted (Beaumont and 

Budd 1984). Similarly, Dixon and Prosser (1986) observed 79% mortality of mussel larva after 4 days 

exposure to 0.1 Ilg/L. Lapota et al. (1993) reported reduced shell growth in the blue mussel, Mytilus 

edulis, at 0.050 Ilg/L and no reduction of shell development at 0.006 Ilg/L in a 33-d study. The test had 

exposure solutions renewed every third or fourth day during which time TBT concentrations declined 33 

to 90%. Growth of juvenile blue mussels was significantly reduced after 7 to 66 days at 0.31 to 0.3893 

Ilg/L (Stromgren and Bongard 1987; Valkirs et al. 1985). Growth rates of mussels transplanted into San 

Diego Harbor were impacted at sites where TBT concentrations exceeded 0.2 Ilg/L (Salazar and Salazar 

1990b). At locations where concentrations were less than 0.1 Ilg/L, the presence of optimum 

environmental conditions for growth appear to limit or mask the effects of TBT. Less than optimum 

conditions for growth may permit the effect of TBT on growth to be expressed. Salazar et al. (1987) 

observed that 0.157 Ilg/L reduced growth of mussels after 56 days exposure in the laboratory; a 

concentration within less than a factor of two of that reducing growth in the field. Similarly, Salazar and 

Salazar (1987) observed reduced growth of mussels exposed to 0.070 Ilg/L for 196 days in the 

laboratory. The 66-day LC50 for 2.5 to 4.1 cm blue mussels was 0.97 Ilg/L (Valkirs et al. 1985,1987). 

Alzieu et al. (1980) reported 30% mortality and abnormal shell thickening among Pacific oyster larvae 

exposed to 0.2 Ilg/L for 113 days. Abnormal development was also observed in exposures of embryos 

for 24 hrs or less to TBT concentrations • ~.8604 Ilg/L (Robert and His 1981). Waldock and Thain 

(1983) observed reduced growth and thickening of the upper shell valve of Pacific oyster spat exposed 

to 0.1460 Ilg/L for 56 days. Abnormal shell development was observed in an exposure to 0.77 Ilg/L that 

began with embryos of the eastern oyster, Crassastrea virginica, and lasted for 48 hours (Roberts 1987). 

Adult eastern oysters were also sensitive to TBT with reductions in condition index after exposure for 57 

days to • ~.1 Ilg/L (Henderson 1986). Salazar et al. (1987) found no effect on growth after 56 days 

exposure to 0.157 Ilg/L to the oysters C. gigas, Ostrea edulis and 0. lurida. Condition of adult clams, 

Macoma nasuta, and scallops, Hinnites multirugasus were not affected after 110 days exposure to 0.204 

Ilg/L (Salazar et al. 1987). 

Long-term exposures have been conducted with a number of saltwater crustacean species. 

Johansen and Mohlenberg (1987) exposed adultA. tansa for five days to TBT and observed impaired 

(25% reduction) egg production on days 3, 4 and 5 in 0.1 Ilg/L. Impaired egg production to a lesser 

amount was observed on day 5 in 0.01 and 0.05 Ilg/L. Davidson et al. (1986a,1986b), Laughlin et al. 

(1983,1984b), and Salazar and Salazar (1985a) reported that TBT acts slowly on crustaceans and that 

behavior might be affected several days before mortality occurs. Survival oflarval amphipods, 

Gammarus aceanicus, was significantly reduced after eight weeks of exposure to TBT concentrations 
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• ~.2816 Ilg/L (Laughlin et al. 1984b). Hall et al. (1988b) observed no effect of 0.579 Ilg/L on 

Gammarus sp. after 24 days. Developmental rates and growth oflarval mud crabs, Rhithropanopeus 

harrisii, were reduced by a 15-day exposure to • \4.60 Ilg/L. R. harrisii might accumulate more TBT 

via ingested food than directly from water (Evans and Laughlin 1984). TBTF, TBTO, and TBTS were 

about equally toxic to amphipods and crabs (Laughlin et al. 1982,1983,1984a). Laughlin and French 

(1989) observed LC50 values for larval developmental stages of 13 Ilg/L for crabs (R. harrisii) from 

California vs 33.6 Ilg/L for crabs from Florida. Limb malformations and reduced burrowing were 

observed in fiddler crabs exposed to 0.5 Ilg/L (Weis and Kim 1988; Weis and Perlmutter 1987; Weis et 

al. 1987a). Exposure to· ~.1 Ilg/L during settlement of fouling organisms reduced number of species 

and species diversity of communities (Henderson 1986). The hierarchy of sensitivities of phyla in this 

test was similar to that of single species tests. 

Exposure of embryos of the California grunion, Leuresthes tenuis, for ten days to 74 Ilg/L 

caused a 50% reduction in hatching success (Newton et al. 1985). At TBT concentrations between 0.14 

and 1.72 Ilg/L, growth, hatching success, and survival were significantly enhanced. In contrast, growth 

of inland silverside larvae was reduced after 28 days exposure to 0.093 Ilg/L (Hall et al. 1988b). 

Juvenile Atlantic menhaden, Brevoortia tyrannus, avoided a TBT concentration of 5.437 Ilg/L and 

juvenile striped bass, Morone saxatilis, avoided 24.9 Ilg/L (Hall et al. 1984). BCFs were 4,300 for liver, 

1,300 for brain, and 200 for muscle tissue of chinook salmon, Oncorhynchus tshawytscha, exposed to 

1.49 Ilg/L for 96 hours (Short and Thrower 1986a, 1986c). 

TBT concentrations less than the saltwater Final Chronic Value of 0.0658 Ilg/L from Table 3 

have been shown to affect the growth of early life-stages of commercially important bivalve molluscs 

and survival of ecologically important copepods (Table 6; Text Table B). Laughlin et al. (1987, 1988) 

observed a significant decrease in growth of hard clam (Mercenaria mercenaria) larvae exposed for 14 

days to • ~.01 Ilg/L (Text Table B). Growth rate (increase in valve length) was 75% of controls in 0.01 

Ilg/L, 63% in 0.025 Ilg/L, 59% in 0.05 Ilg/L, 45% in 0.1 Ilg/L, 29% in 0.25 Ilg/L and 2.2% in 0.5 Ilg/L. 

A five-day exposure followed by nine days in TBT -free water produced similar responses and little 

evidence of recovery. 

Pacific oyster (Crassostrea gigas) spat exhibited shell thickening in 0.01 and 0.05 Ilg/L and 

reduced valve lengths in • ~.02 Ilg/L (Lawler and Aldrich 1987; Text Table B). Increase in valve length 

was 101 % of control lengths in 0.01 Ilg/L, 72% in 0.02 Ilg/L, 17% in 0.05 Ilg/L, 35% in 0.1 Ilg/L and 

0% in 0.2 Ilg/L. Shell thickening was also observed in this species exposed to • ~.02 Ilg/L for 49 days 

(Thain et al. 1987). They predicted from these data that approximately 0.008 Ilg/L would be the 

maximum TBT concentration permitting culture of commercially acceptable adults. Their field studies 
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agreed with laboratory results showing "acceptable" shell thickness where TBT concentrations averaged 

0.011 and 0.015 Ilg/L, but not at higher concentrations. Decreased weights of oyster meats were 

associated with locations where there was shell thickening. 

Growth of spat of the European oyster (Ostrea edulis) was reduced at • ~.02 Ilg/L (Thain and 

Waldock 1985; Text Table B). Spat exposed to TBT in static-renewal tests were 76-81 % of control 

lengths and 75% of control weights; extent of impact increased with increased exposure. In these static

renewal and flow-through tests at exposures at about 0.02 Ilg/L, weight gain was identical; i.e., 35% of 

controls. Growth of larger spat was marginally reduced by 0.2392 Ilg/L (Thain 1986; Thain and 

Waldock 1985). Axiak et al. (l995a) observed a 12% decrease in the height of 0. edulis digestive cells 

exposed to 0.01 Ilg/L TBT. 

Text Table B. Summary of laboratory and field data on the effects oftributyltin on saltwater organisms at 
concentrations less than the Final Chronic Value of 0.06S8 IlglL. 

Hard clam (4 hr larvae 
- metamorphosis), 
Mercenaria mercenaria 

Pacific oyster (spat), 
Crassostrea gigas 

Experimental Designa 

R, M, l4-day duration, 
<ISO larvae/SO ml replicate, 
three replicates. 
Measured = 80-100% 
nominal at t = 0.4 hr; 
20-30% at t = 24 hr 

R, N, 48-day duration, 
20 spat/treatment 

Concentration 
(b!gIL2 

Nominal 

control 

0.01-0.S 

Nominal 

control 
0.01-0.0S 
control 
0.01-0.2 
0.02-0.2 
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Response Reference 

100% Growth Laughlin et al. 
(Valve length) 1987,1988 
• "S%-22% Growth 
(Valve length)b 

Shell thickening Lawler and 
100% Growth Aldrich 1987 
(Valve length) 
101% Growth (Valve length) 
0-72% Growth (Valve 
length)b 
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Pacific oyster (spat), 
Crassostrea gigas 

R, N, 49-day duration, 
0.7 to 0.9 g/spat 

Nominal 

control 
0.002 

0.02-2.0 

Measured 

Field 0.011-0.015 
• ~.018-0.060 

European oyster (spat), 
Ostrea edulis 

European oyster 
(adult), 
Ostrea edulis 

R, N, 20-day duration, 
50 spat/treatment 

R, N, 96-hr duration 

a R = renewal; F = flow-through, N = nominal, M = measured. 
b Significantly different from controls. 

Nominal 

control 
0.02-2.0 
control 

0.02-2.0 

Nominal 

0.010 

No shell thickening Thainet al. 
Shell thickening proportional 1987 
to concentration increase 

No shell thickening 
Shell thickening and 
decreased meat weight 

100% length Thain and 
76-81 % lengthb Waldock 1985 
202% weight gain 
151-50% weight gain 

12% decrease of height of Axiak et al. 
digestive cells 1995a 

TBT concentrations less than the saltwater Final Chronic Value of 0.0658 Ilg/L from Table 3 

have also been shown to cause imposex (the superimposition of male anatomical characteristics on 

females) in seven ecologically important North American species, especially the dogwhinkle, Nucella 

lapillus. A summary of three definitive laboratory studies conducted with N lapillus are presented in 

Text Table C below. 

Text Table C. Effect and no-effect tributyltin concentrations in laboratory studies with the Atlantic 
dogwhinkle ( Nucella lapillus). 

Duration of Study NOEC LOEC 
(Life-stage) (/lgTBT/L) Comment (~TBT/L) Comment 

Two year 0.0036 RPSI = 48.4 0.0093 RPSI = 96.6 
(Egg capsule to VDSI = 4.4 VDSI = 5.1 
adult) 1/3 Sterile All sterile 
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One year 0.0077 RPSI = 20.8 
(Adults) VDSI = 3.97 

11.0% reduced 
growth; 100% 
1Illposex 

One year 0.0074 RPSI = 64.0 
(Egg capsule to VDSI =4.0 
adult) Reproduction 

104.6% of control 

NOEC = No-Observed-Effect-Concentration 
LOEC = Lowest-Observed-Effect-Concentration 
RPSI = Relative penis size index 
VDSI = Vas deferens sequence index 

0.0334 RPSI = 42.1 Bailey et al. 
VDSI = 4.3 1991 
17.1 % reduced growth; 
100% imposex 

0.0278 RPSI = 88.6 Harding et al. 
VDSI = 5.0 1996 
Reduced reproduction 
55.2% 

Of the three studies listed above, two were initiated with egg capsules and one was conducted with 

adults. As specified by the Guidelines, the one study conducted with adults (Bailey et al. 1991) will not 

be considered for criteria derivation since studies conducted with a more sensitive life stage take 

precedence over studies with less sensitive life stages. The laboratory study conducted by Gibbs et al. 

(1988) did document adverse effects ofTBT exposure on egg capsule production of the female dog

whelk, but a valid laboratory water control was not run with the study (the dilution water control 

collected nearby had low levels ofTBT). Thus, this study also will not be used to derive the saltwater 

chronic criterion. The Harding et al. (1996) study was initiated with egg capsules and had a valid 

control. The NOEC and LOEC values presented are for reproductive effects, which is a direct measure 

of this species ability to survive long term. 

The National Guidelines (Stephan et al. 1985; pp 18 and 54) requires that the criterion be 

lowered if sound scientific evidence indicates that adverse effects might be expected on important 

species. The above data demonstrate that the reductions in growth occur in commercially or 

ecologically important saltwater species at concentrations ofTBT less than the Final Chronic Value of 

0.0658 Ilg/L derived using Final Acute Values and Acute-Chronic Ratios from Table 3. Imposex begins 

to occur at about 0.003 Ilg TBT/L, and some reproductive failure begins at concentrations greater than 

0.005 Ilg/L, with complete sterility occurring after chronic exposure of sensitive early life-stages at 

• ~.009 Ilg/L. For less sensitive stages of these species imposex does not begin until 0.02 Ilg/L in some 

studies and greater than 0.2 Ilg/L in others. The long-term laboratory study by Harding et al. (1996) 

demonstrated a significant reproductive effect on N lapillus at TBT concentrations >0.0074 Ilg/L. 

Therefore, EPA believes the Final Chronic Value should be lowered to 0.00741lg/L to limit 
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unacceptable impacts on Mercenaria mercenaria, Crassostrea gigas and Ostrea edulis observed at 0.02 

Ilg/L, and reproductive effects on N lapillus at concentrations greater than 0.0074 Ilg/L. At this 

criterion concentration, imposex would be expected in Ilyanassa obsoleta, N lapillus and similarly 

sensitive neogastropods and growth of M mercenaria might be somewhat lowered. 

UNUSED DATA 

Data from some studies were not used in this document, as they did not meet the criteria for 

inclusion as specified in the Guidelines (Stephan et al. 1985). The reader is referred to the Guidelines 

for further information regarding these criteria. 

Studies Were Conducted with Species That Are Not Resident in North America 

Ali et al. (1990) 

Allen et al. (1980) 

Axiak et al. (1995b) 

Batley et al. (1989, 1992) 

Burridge et al. (1995) 

Carney and Paulini (1964) 

Dani1'chenko (1982) 

Deschiens and Floch (1968) 

Deschiens et al. (1964, 1966a, 1966b) 

de Sousa and Paulini (1970) 

Fent (1991, 1992) 

Fent and Hunn (1993) 

Fent and Meier (1992) 

Frick and DeJimenez (1964) 

Girard et al. (1996) 

Helmstetter and Alden (1995) 

Hopf and Muller (1962) 

Jantataeme (1991) 

Karande and Ganti (1994) 

Karande et al. (1993) 

Kubo et al. (1984) 

Langston and Burt (1 991 ) 

Lewis et al. (1995) 

Nagabhushanam et al. (1991) 

Nagaseetal. (1991) 

Nias et al. (1993) 

Nishuichi and Yoshida (1972) 

Oehlmann et al. (1996) 

Reddy et al. (1992) 

Ringwood (1992) 

Ritchie et al. (1964) 

Ruiz et al. (1994a, 1994b, 1995a) 

1995b, 1995c, 1997) 

Sarojini et al. (1991, 1992) 

Scadding (1990) 

Scammell et al. (1991) 

Seiffer and Schoof (1967) 

Shiff et al. (1975) 

Shimizu and Kimura (1992) 

Smith et al. (1979) 

Spence et al. (1990b) 

Stebbing et al. (1990) 

Sujatha et al. (1996) 

Tsuda et al. (1986, 1991a) 

Upatham (1975) 

Upatham et al. (1980a, 1980b) 

Vitturi et al. (1992) 

Webbe and Sturrock (1964) 

Yamada et al. (1994) 

Y1a-Mononen (1989) 

Data Were Complied From Other Sources 

Alzieu (1986) 

Cardarelli and Evans (1980) 

Cardwell and Sheldon (1986) 

Cardwell and Vogue (1986) 

Champ (1986) 

Chau (1986) 
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Gibbs and Bryan (1987) 

Gibbs et al. (1991a) 

Good et al. (1980) 

Guard et al. (1982) 

Hall (1988, 1991) 

Hall and Pinkney (1985) 

Hall et al. (1991) 

Hodge et al. (1979) 

International Joint Commission (1976) 

Jensen (1977) 

Kimbrough (1976) 

Kumpu1ainen and Koivistoinen (1977) 

Lau (1991) 

Laughlin (1986) 

Laughlin and Linden (1985) 

Laughlin et al. (1984a) 

McCullough et al. (1980) 

Monaghan et al. (1980) 

NC Dept. of Natural Resources and 

CommLUlity Dev. (1983,1985) 

Rexrode (1987) 

Salazar (1989) 

Seligman et al. (1986) 

Slesinger and Dressler (1978) 

Stebbing (1985) 

Thayer (1984) 

Thompson et al. (1985) 

U.S. EPA (1975, 1985b) 

U.S. Navy (1984) 

von Rumker et al. (1974) 

Walsh (1986) 

Zuckerman et al. (1978) 

The Test Procedures, Test Material or Results Were Not Adequately Described 

Bruno and Ellis (1988) 

Cardwell and Stuart (1988) 

Chau et al. (1983) 

Dani1'chenko and Buzinova (1982) 

de 1a Court (1980) 

Deschiens (1968) 

EG&G Bionomics (1981b) 

Fi1enko and Isakova (1980) 

Holwerda and Herwig (1986) 

Kelly et al. (1990b) 

Ko1osova et al. (1980) 

Laughlin (1983) 

Mercier et al. (1994) 

Nosov and Ko1osova (1979) 

Smith (1981c) 

Stroganov et al. (1972, 1977) 

Studies by Gibbs et al. (1987) were not used because data were from the first year of a two-year 

experiment reported in Gibbs et al. (1988). Data from the life-cycle test with sheepshead minnows 

(Ward et al. 1981) were not used because ratios of measured and nominal concentrations were 

inconsistent within and between tests suggesting problems in delivering TBT, analytical chemistry or 

both. Results of some laboratory tests were not used because the tests were conducted in distilled or 

deionized water without addition of appropriate salts (e.g., Gras and Rioux 1965; Kumar-Das et al. 

1984). The concentration of dissolved oxygen was too low in tests reported by EG&G Bionomics 

(1981a). Douglas et al. (1986) did not observe sufficient mortalities to calculate a useful LC50. 

TBT Was a Component of a Formulation, Mixture, Paint or Sediment 

Boike and Rathburn (1973) 

Cardarelli (1978) 

Deschiens and Floch (1970) 

Goss et al. (1979) 

Henderson and Salazar (1996) 

Mattiessen and Thain (1989) 
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Quick and Cardarelli (1977) 

Salazar and Salazar (1985a, 1985b) 

Santos et al. (1977) 

Sherman (1983) 

Sherman and Hoang (1 981 ) 

Sherman and Jackson (1981 ) 

Walker (1977) 

Weisfeld (1970) 

Data were not used when the organisms were exposed to TBT by injection or gavage (e.g., Fent 

and Stegeman 1991, 1993; Horiguchi et al. 1997; Rice et al. 1995; Rice and Weeks 1990; Rouleau et al. 

1995). Caricchia et al. (1991), Salazar and Chadwick (1991), and Steinert and Pickwell (1993), did not 

identifY the organism exposed to TBT. Some studies did not report toxic effects ofTBT (e.g., Balls 

1987; Gibbs 1993; Meador et al. 1984; Page 1995; Salazar 1986; Salazar and Champ 1988). 

Results of tests in which enzymes, excised or homogenized tissue, or cell cultures were exposed 

to the test material were not used (e.g., Avery et al. 1993; Blair et al. 1982; Bruschweiler et al. 1996; 

Falcioni et al. 1996; Fent and Bucheli 1994; Fent and Stegeman 1991; Fisher et al. 1990; Josephson et 

al. 1989; Joshi and Gupta 1990; Pickwell and Steinert 1988; Reader et al. 1994, 1996; Rice and Weeks 

1991; Virkki and Nikinmaa 1993; Wishkovsky et al. 1989; Zucker et al. 1992). 

Data were not used when the test organisms were infested with tapeworms (e.g., Hnath 1970). 

Mottley (1978) and Mottley and Griffiths (1977) conducted tests with a mutant form of an alga. Tests 

conducted with too few test organisms were not used (e.g., EG&G Bionomics 1976; Good et al. 1979). 

High control mortalities occurred in tests reported by Rhea et al. (1995), Salazar and Salazar (1989) and 

Valkirs et al. (1985). Some data were not used because of problems with the concentration of the test 

material (e.g., Springborn Bionomics 1984b; Stephenson et al. 1986; Ward et al. 1981) or low survival 

in the exposure organisms (Chagot et al. 1990; Fent and Looser 1995). BCFs were not used when the 

concentration ofTBT in the test solution was not measured (Davies et al. 1986; Laughlin et al. 1986b; 

Paul and Davies 1986) or were highly variable (Becker et al. 1992; Laughlin and French 1988). Reports 

of the concentrations in wild aquatic animals were not used if concentrations in water were unavailable 

or excessively variable (e.g., Curtis and Barse 1990; Davies et al. 1987, 1988; Davies and McKie 1987; 

Gibbs et al. 1991b; Hall 1988; Han and Weber 1988; Kannan et al. 1996; Oehlmann et al. 1991; Stab et 

al. 1995; Thrower and Short 1991; Wade et al. 1988; Zuolian and Jensen 1989). 

SUMMARY 

Freshwater Acute Toxicity. The TBT acute toxicity values for twelve freshwater animal 

species range from 1.14 Ilg/L for a hydra, Hydra oligactis, to 12.73 Ilg/L for the lake trout, Salve linus 

naymaycush. A thirteenth species, a clam (Elliptio complanatus), had an exceptionally high toxicity 
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value of 24,600 Ilg/L. There was no apparent trend in sensitivities with taxonomy; fish were nearly as 

sensitive as the most sensitive invertebrates and more sensitive than others. When the much less 

sensitive clam was not considered, remaining species sensitivities varied by a maximum of 11.2 times. 

Plants were about as sensitive as animals to TBT. 

Freshwater Chronic Toxicity. Three TBT chronic toxicity tests have been conducted with 

freshwater animals. Reproduction of D. magna was reduced by 0.2 Ilg/L, but not by 0.1 Ilg/L, and the 

Acute-Chronic Ratio is 30.41. In another test with D. magna reproduction and survival was reduced at 

0.34 Ilg/L but not at 0.19, and the Acute-Chronic Ratio is 44.06. Weight of fathead minnows was 

reduced by 0.45 Ilg/L, but not by 0.15 Ilg/L, and the acute-chronic ratio for this species was 10.01. 

Bioconcentration ofTBT was measured in zebra mussels, Dreissena polymorpha, at 17,483 times the 

water concentration for the soft parts and in rainbow trout, Oncorhyncus mykiss, at 406 times the water 

concentration for the whole body. Growth of thirteen species of freshwater algae was inhibited by 

concentrations ranging from 1 to 1,782 Ilg/L. 

Saltwater Acute Toxicity. Acute values for 33 species of saltwater animals range from 0.61 

Ilg/L for the mysid, Acanthomysis sculpta, to 204.4 Ilg/L for adult European flat oysters, Ostrea edulis. 

Acute values for the ten most sensitive genera, including molluscs, crustaceans, and fishes, differ by less 

than a factor of four. Larvae and juveniles appear to be more acutely sensitive to TBT than adults. 

Saltwater Chronic Toxicity. A partial life-cycle test of one-year duration was conducted with 

the snail, Nucella lapillus. TBT reduced egg capsule production. The chronic value for this species was 

0.0143 Ilg/L. A life-cycle test was conducted with the copepod, Eurytemora aifinis. The chronic value 

is based upon neonate survival and is 0.145 Ilg/L and the acute/chronic ratio is 15.17. A life-cycle 

toxicity test was conducted with the saltwater my sid, Acanthomysis sculpta. The chronic value for A. 

sculpta was 0.1308 Ilg/L based on reduced reproduction and the acute-chronic ratio was 4.664. 

Bioconcentration. Bioconcentration factors for three species of bivalve molluscs range from 

192.3 for soft parts of the European flat oyster to 60,000 for soft parts of the juvenile blue mussel, 

Mytilus edulis. 

Acute-Chronic Ratio. The Final Acute-Chronic Ratio of 12.69 was calculated as the geometric 

mean of the acute-chronic ratios of36.60 for D. magna, 10.01 for P. promelas (the two freshwater 

species), and 4.664 for A. sculpta and 15.17 for E. aifinis (the two saltwater species). Division of the 

freshwater and saltwater Final Acute Values by 12.69 results in Final Chronic Values for freshwater of 

0.0723 Ilg/L and for saltwater of 0.0658 Ilg/L (Table 3). The Chronic Values are below the 
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experimentally determined chronic values from life-cycle or early life-stage tests with freshwater species 

(0.1414 Ilg/L for D. magna), but almost five times higher than the chronic value for N lapillus of 0.0143 

Ilg/L. 

Tributyltin chronically affects certain saltwater copepods, gastropods, and pelecypods at 

concentrations less than those predicted from "standard" acute and chronic toxicity tests. The data 

demonstrate that reductions in growth occur in commercially or ecologically important saltwater species 

at concentrations ofTBT less than the Final Chronic Value of 0.0658 Ilg/L derived using Final Acute 

Values and Acute-Chronic Ratios from Table 3. Survival of the copepodA. tansa was reduced in 

• ~. 023 Ilg/L. Growth of larvae or spat of two species of oysters, Crassastrea gigas and Ostrea edulis 

was reduced in about 0.02 Ilg/L; some C. gigas larvae died in 0.025 Ilg/L. Shell thickening and reduced 

meat weights were observed in C. gigas at 0.01 Ilg/L. Reproductive effects were observed with N 

lapillus at TBT concentrations >0.0074 Ilg/L. Since these levels were ones at which an effect was seen, 

a protective level for these commercially important species is, therefore, below 0.01 Ilg/L. 

Weight of Evidence Considerations. The National Guidelines (Stephan et al. 1985) require that 

the criterion be lowered if sound scientific evidence indicates that adverse effects might be expected on 

important species. The above data demonstrate that the reductions in growth occur in commercially or 

ecologically important saltwater species at concentrations ofTBT less than the final chronic value of 

0.0658 Ilg/L derived using Final Acute Values and Acute-Chronic ratios from Table 3. Consistent with 

the Guidelines directive to consider other relevant data when establishing criteria, EPA believes the 

Final Chronic Value should be lowered to 0.0074 Ilg/L. 

Organometallics, particularly TBT and methyl mercury, have been shown to impair the 

environment in multiple ways. A major concern with TBT is its ability to cause imposex (the 

superimposition of male anatomical characteristics on females) in a variety of species. Imposex has 

been observed in 45 species of snails worldwide, with definitive laboratory an field studies implicating 

TBT as the cause in seven North American or cosmopolitan species. As listed in Table 6, adult 

dogwhinkle, Nucella lapillus, exposed to 0.05 Ilg/L TBT for 120 days showed 41 percent of the 

organisms evidencing imposex. A six month study of the same species in 1992 with a concentration of 

0.012 Ilg/L TBT also showed imposex in the organisms. Other studies showed more than 92 percent of 

the female N lapillus exposed to TBT at 0.0027 Ilg/L exhibiting imposex; a follow up study of offspring 

showed almost 99 percent imposex in females at TBT concentrations ofO.0026Ilg/L. The long-term 

laboratory study by Harding et al. (1996) demonstrated significant reproductive effects on N lapillus at 

TBT concentrations >0.0074 Ilg/L. Thus, numerous studies show imposex effects at doses well below 
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the calculated saltwater Final Chronic Value of 0.0658 Ilg/L. Many of the studies did not produce a No 

Observed Effect Level because significant effects were observed at the lowest concentration tested. The 

imposex effect may partially explain the results of the studies in Tables 2 and 6 which show abnonnal 

growth patterns seen in other studies, including reduced growth, shell thickening and deformities. 

Imposex has also been linked with population declines of snails in Canada (Tester et al. 1996) and 

oysters in the United Kingdom (Dyrynda 1992 and others); these declines were reversed after 

restrictions on TBT use went into effect. 

Another factor causing increased concern is the very high bioaccumulation and bioconcentration 

factors associated with TBT. For some species, these factors reach into the thousands and tens of 

thousands. Data are summarized in Table 5. They show BCF/BAF factors in the thousands for rainbow 

trout, Oncorhynchus mykiss, where TBT concentrations were approximately 1.0 Ilg/L, and in goldfish, 

Crassius auratus, where TBT concentrations were approximately 0.1 Ilg/L. For saltwater species, field 

studies of blue mussels, Mytilus edulis, at TBT concentrations of <0.1 Ilg/L, showed BCF or BAF 

concentrations up to 60,000 (Salazar and Salazar1990a, 1991); the eastern oyster, Crassostrea virginica, 

exhibited factors of 15,000 in TBT concentrations of <0.3 Ilg/L (Roberts et al. 1996); and the Pacific 

oyster, Crassostrea gigas, had factors in the thousands when exposed to TBT in concentrations from 

0.24 to 1.5 Ilg/L. 

Immunological effects have been observed in eastern oysters exposed to 0.03 Ilg/L TBT which 

resulted in increased infection intensity and mortality when later exposed to "Dermo", a protozoan 

pathogen. TBT is widely assumed to enhance the impairment caused by Dermo. However, data are 

currently insufficient to determine which levels of Denno and of TBT result in this heightened 

interaction. Because levels of both Dermo and TBT are known to fluctuate widely, it is prudent in the 

face of this uncertainty regarding impact on a commercially important species to be conservative when 

establishing acceptable levels. 

Conclusion. The development of a chronic criterion for TBT in saltwater considers four lines of 

evidence. It considers the traditional endpoints of adverse effects on survival, growth and reproduction 

as demonstrated in numerous laboratory studies; recognizing that a number of these studies have 

unbounded LOAELs at or near 0.01 Ilg/L, and recognizing further that only one study included levels 

below 0.01 Ilg/L and that study (on Acartia tonsa at 0.003 Ilg/L) showed inhibition of development. It 

considers the production of imposex in field studies and the impact of imposex on commercially 

significant species population levels. It also considers that TBT accumulates and/or concentrates in 

commercially and recreationally important freshwater and saltwater species. Finally, it considers the 
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potential immunological effects ofTBT, as well as the finding that an important commercial organism 

(eastern oyster) already known to be vulnerable to the prevalent pathogen Dermo was made even more 

vulnerable by prior exposure to TBT. 

Considering the traditional endpoints of adverse effects on survival, growth and reproduction, 

the Final Chronic Value would be set at 0.066 Ilg/L. However, the Agency believes that this level 

would not be protective for the additional factors cited above. The Agency is faced with the uncertainty 

created by the lack of understanding of the relationship of these factors, the low level at which effects 

are occurring, the lack of data below these levels enabling a definitive calculation of an acceptable 

exposure level, and the commercial viability of some of the species. Therefore, in this situation, the 

Agency is making a decision to establish the Final Chronic Value at 0.0074 Ilg/L in the belief that this 

level more closely approximates an acceptable level of exposure. 

NA TIONAL CRITERIA 

The procedures described in the "Guidelines for Deriving Numerical National Water Quality 

Criteria for the Protection of Aquatic Organisms and Their Uses" indicate that, except possibly where a 

locally important species is very sensitive, freshwater aquatic organisms and their uses should not be 

affected unacceptably if the four-day average concentration oftributyltin does not exceed 0.072 Ilg/L 

more than once every three years on the average and if the one-hour average concentration does not 

exceed 0.46 Ilg/L more than once every three years on the average. 

The procedures described in the "Guidelines for Deriving Numerical National Water Quality 

Criteria for the Protection of Aquatic Organisms and Their Uses" indicate that, except possibly where a 

locally important species is very sensitive, saltwater aquatic organisms and their uses should not be 

affected unacceptably if the four-day average concentration oftributyltin does not exceed 0.0074 Ilg/L 

more than once every three years on the average and if the one-hour average concentration does not 

exceed 0.42 Ilg/L more than once every three years on the average. 

IMPLEMENTA TION 
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As discussed in the Water Quality Standards Regulation (US. EPA 1983) and the Foreword of 

this document, a water quality criterion for aquatic life has regulatory impact only if it has been adopted 

in a state water quality standard. Such a standard specifies a criterion for a pollutant that is consistent 

with a particular designated use. With the concurrence of the US. EPA, states designate one or more 

uses for each body of water or segment thereof and adopt criteria that are consistent with the use(s) (US. 

EP A 1987,1994). Water quality criteria adopted in state water quality standards could have the same 

numerical values as criteria developed under Section 304, of the Clean Water Act. However, in many 

situations states might want to adjust water quality criteria developed under Section 304 to reflect local 

environmental conditions and human exposure patterns. Alternatively, states may use different data and 

assumptions than EPA in deriving numeric criteria that are scientifically defensible and protective of 

designated uses. State water quality standards include both numeric and narrative criteria. A state may 

adopt a numeric criterion within its water quality standards and apply it either state-wide to all waters 

designated for the use the criterion is designed to protect or to a specific site. A state may use an 

indicator parameter or the national criterion, supplemented with other relevant information, to interpret 

its narrative criteria within its water quality standards when developing NPDES effluent limitations 

under 40 CFR 122.44(d)(l)(vi).2 

Site-specific criteria may include not only site-specific criterion concentrations (U S. EPA 

1994), but also site-specific, and possibly pollutant-specific, durations of averaging periods and 

frequencies of allowed excursions (US. EPA 1991). The averaging periods of "one hour" and "four 

days" were selected by the US. EPA on the basis of data concerning the speed with which some aquatic 

species can react to increases in the concentrations of some aquatic pollutants, and "three years" is the 

Agency's best scientific judgment of the average amount of time aquatic ecosystems should be provided 

between excursions (Stephan et al. 1985; US. EPA 1991). However, various species and ecosystems 

react and recover at greatly differing rates. Therefore, if adequate justification is provided, site-specific 

and/or pollutant-specific concentrations, durations, and frequencies may be higher or lower than those 

given in national water quality criteria for aquatic life. 

Use of criteria, which have been adopted in state water quality standards, for developing water 

quality-based permit limits and for designing waste treatment facilities requires selection of an 

appropriate wasteload allocation model. Although dynamic models are preferred for the application of 

these criteria (US. EPA 1991), limited data or other considerations might require the use of a 

steady-state model (US. EPA 1986). 

Guidance on mixing zones and the design of monitoring programs is also available (U S. EPA 

1987, 1991). 
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Figure 2. 
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Figure 3. 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals 

Hardness LC50 Species Mean 
(mgIL as or EC50 Acute Value 

Species Method" Chemical b CaCOJl (ugIL)C (ugIL) References 

FRESHWATER SPECIES 

Hydra, S,M TBTO 100 1.11 TAl 
Hydra littoralis (97.5%) Environmental 

Sciences, Inc. 
1989a 

Hydra, S,M TBTO 120 1.30 1.201 TAl 
Hydra littoralis (97.5%) Environmental 

Sciences, Inc. 
1989b 

Hydra, S,M TBTO 100 1.14 1.14 TAl 
Hydra oligactis (97.5%) Environmental 

Sciences, Inc. 
1989a 

Hydra, S,M TBTO 120 1.80 1.80 TAl 
Chlorohydra (97.5%) Environmental 
viridissmia Sciences, Inc. 

1989b 

Annelid (9 mg), F,M TBTO 51.8 5.4 5.4 Brooke et aI. 
Lumbriculus (96%) 1986 
variegatus 

Freshwater clam, S,U TBTO 24,600 24,600 Buccafusco 
(113 mm TL; 153 g) (95%) 1976a 
Elliptio complanatus 

Cladoceran, S,U TBTO 66.3 Foster 1981 
Daphnia magna 

Cladoceran (adult), S,U TBTCI 5.26 Meador 1986 
Daphnia magna 

Cladoceran S,U TBTO 1.58 LeBlanc 1976 
«24 hr), (95%) 
Daphnia magna 

Cladoceran R,M TBTO 172 11.2 ABC 
«24 hr), (97.5%) Laboratories, 
Daphnia magna Inc. 1990c 

Cladoceran S,U TBTCI 250 18 Crisinel et aI. 
«24 hr), 1994 
Daphnia magna 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

Species Method" 

Cladoceran F,M 
«24 hr), 
Daphnia magna 

Ampbipod, F,M 
Gammarus 
pseudolimnaeus 

Mosquito (larva), S,M 
Culex sp. 

Rainbow trout, S,U 
(45 mm TL; 0.68g) 
Oncorhynchus 
mykiss 

Rainbow trout F,M 
(juvenile), 
Oncorhynchus 
mykiss 

Rainbow trout (1.47 F,M 
g), 
Oncorhynchus 
mykiss 

Rainbow trout (l.4g), F,M 
Oncorhynchus 
mykiss 

Lake trout (5.94 g), F,M 
Salvelinus 
naymaycush 

Fathead minnow F,M 
(juvenile), 
Pimephales promelas 

Channel catfish, S,U 
(65 mm TL; 1.9 g) 
lctalurus punctatus 

Chemical b 

Hardness 
(mgIL as 
CaC03L 

LC50 
or EC50 
(uglL)C 

FRESHWATER SPECIES 

TBTO 51.5 4.3 
(96%) 

TBTO 51.8 3.7 
(96%) 

TBTO 51.5 10.2 
(96%) 

TBTO 6.5 
(95%) 

TBTO 50.6 3.9 
(96%) 

TBTO 135 3.45 
(97%) 

TBTO 44 7.1 
(97.5%) 

TBTO 135 12.73 
(97%) 

TBTO 51.5 2.6 
(96%) 

TBTO 11.4 
(95%) 

FRESHWATER SPECIES 

39 

Species Mean 
Acute Value 

("giL) References 

4.3 Brooke et aI. 
1986 

3.7 Brooke et aI. 
1986 

10.2 Brooke et aI. 
1986 

Buccafusco et 
al. 1978 

Brooke et aI. 
1986 

Martin et al. 
1989 

4.571 ABC 
Laboratories, 
Inc. 1990a 

12.73 Martinet al. 
1989 

2.6 Brooke et aI. 
1986 

Buccafusco 
1976a 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

Species Method" 

Channel catfish F,M 
(juvenile), 
lctalurus punctatus 

Bluegill, S,U 
Lepomis macrochirus 

Bluegill, S,U 
(36 mm TL: 0.67 g) 
Lepomis macrochirus 

Bluegill (1.01 g), F,M 
Lepomis macrochirus 

Species Method" 

Lugworm (larva), S,U 
Arenicola cristata 

Lugworm (larva), S,U 
Arenicola cristata 

Polychaete (adult), S,M 
Neanthes 
arenaceodentata 

Polychaete (juvenile), S,M 
Neanthes 
arenaceodentata 

Polychaete (adult), R,M 
Armandia brevis 

Blue mussel (adult), R,-
Mytilus edulis 

Blue mussel (adult), S,M 
Mytilus edulis 

Chemical b 

TBTO 
(96%) 

TBTO 

TBTO 
(95%) 

TBTO 
(97.5%) 

Chemical b 

Hardness 
(mgIL as 
CaC03L 

51.8 

44 

Salinity 
Jg&gt 

LC50 
or EC50 
(uglL)C 

5.5 

227.4 

7.2 

8.3 

LC50 
or EC50 
(!!!!IL) C 

SALTWATER SPECIES 

TBTO 28 • !-4 

TBTA 28 • ~-10 

TBTO 33-34 21.41 d 

TBTO 33-34 6.812 

TBTCI 28.5 25 
(96%) 

TBTO 36.98d 

TBTO 33-34 34.06d 
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Species Mean 
Acute Value 

("giL) References 

5.5 Brooke et aI. 
1986 

Foster 1981 

Buccafusco 
1976b 

8.3 ABC 
Laboratories, 
Inc. 1990b 

Species Mean 
Acute Value 

(!!!!IL) References 

Walshet aI. 
1986b 

• ~.74 Walshet aI. 
1986b 

Salazar and 
Salazar 1989 

6.812 Salazar and 
Salazar 1989 

25 Meador 1997 

Thain 1983 

Salazar and 
Salazar 1989 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

LC50 Species Mean 
Salinity or EC50 Acute Value 

Species Method" Chemicalb Jg&gL (ugiLt (uglL) References 

SALTWATER SPECIES 

Blue mussel (larva), R,- TATO 2.238 2.238 Thain 1983 
Mytilus edulis 

Pacific oyster (adult), R,- TBTO 282.2d Thain 1983 
Crassastrea gigas 

Pacific oyster (larva), R,- TBTO 1.557 1.557 Thain 1983 
Crassastrea gigas 

Eastern oyster, R,U TBTCI 18-22 3.96 3.96 Roberts 1987 
Crassastrea virginica 

European flat oyster R,- TBTO 204.4 204.4 Thain 1983 
(adult), 
Ostrea edulis 

Atlantic dogwhinkle R,M TBTO 34-35 72.7 72.7 Harding et al. 
«24 hr-old), 1996 
Nucella lapillus 

Hard clam (larva), R,U TBTCI 18-22 1.65 1.65 Roberts 1987 
Mercenaria 
mercenaria 

Copepod (juvenile), F,M TBTCI 10.6 2.2 Hall et aI. 1988a 
Eurytemora affinis 

Copepod (subadult), F,M TBT 10 2.5 Bushong et al. 
Eurytemara affinis 1987;1988 

Copepod (subadult), F,M TBT 10 1.4 1.975 Bushong et aI. 
Eurytemara affinis 1987;1988 

Copepod (adult), R,U TBTO 0.6326 U'ren 1983 
Acartia tansa (95%) 

Copepod S,U TBTCI 18 0.47 Kuskand 
(1O-12-d-old), (99.3%) Petersen 1997 
Acartia tansa 

Copepod S,U TBTCI 28 0.24 Kuskand 
(1O-12-d-old), (99.3%) Petersen 1997 
Acartia tansa 

Copepod (subadult), F,M TBT 10 1.1 1.1 Bushong et al. 
Acartia tansa 1987;1988 

Copepod (adult), S,U TBTF 7 1.877 Linden et aI. 
Nitacra spinipes 1979 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

LCSO Species Mean 
Salinity or ECSO Acute Value 

Species Method" Chemicalb Jg&gL (ugiLt (uglL) References 

SALTWATER SPECIES 

Copepod (adult), S,U TETO 7 1.946 1.911 Linden et aI. 
Nitocra spinipes 1979 

Mysid Guvenile), R,M -e 0.42 Davidson et aI. 
Acanthomysis sculpta 1986a,1986b 

Mysid (adult), F,M -e 1.68d Valldrs et aI. 
Acanthomysis sculpta 1985 

Mysid Guvenile), F,M -e 0.61 0.61 Valkirs et aI. 
Acanthomysis sculpta 1985 

Mysid (subadult), S,M TETO 33-34 1.946 Salazar and 
Metamysidopsis Salazar 1989 
elongata 

Mysid (adult), S,M TETO 33-34 2.433 Salazar and 
Metamysidopsis Salazar 1989 
elongata 

Mysid (adult), S,M TETO 33-34 6.812 3.183 Salazar and 
Metamysidopsis Salazar 1989 
elongata 

Mysid «1 day), F,M TETCI 19-22 1.1 Goodman et aI. 
Americamysis bahia 1988 

Mysid (5 day), F,M TETCI 19-22 2.0 Goodman et aI. 
Americamysis bahia 1988 

Mysid (10 day), F,M TETCI 19-22 2.2 1.692 Goodman et aI. 
Americamysis bahia 1988 

Ampbipod (adult), F,M TET 10 S.3 5.3 Bushong et al. 
Gammarus sp. 1988 

Ampbipod (adult), R,M TETO 30 >14.60f >14.60 Laughlin et al. 
Orchestia traskiana 1982 

Ampbipod (adult), R,M TETCI 32.3 108 108 Meador 1997 
Rhepoxynius (96%) 
abronius 

Ampbipod R,M TETCI 28.8-29.5 10 10 Meador 1993; 
(3-5 mm; 2-5 mg), (96%) Meador et aI. 
Eohaustorius 1993; Meador 
estuarius 1997 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

LCSO Species Mean 
Salinity or ECSO Acute Value 

Species Method" Chemicalb Jg&gL (ugiLt (uglL) References 

SALTWATER SPECIES 

Amphipod (adult), R,M TBTCI 32.7 9 9 Meador 1997 
Eohaustorius (96%) 
washingtonianus 

Grass shrimp (adult), F,U TBTO 20 20 Clark et al. 
Palaemonetes pugio 1987 

Grass shrimp F,M TBT 10 >31 d Bushong et al. 
(subadult), 1988 
Palaemonetes sp. 

Grass shrimp (adult), R,U TBTO 20 31.41d Kahn et al. 1993 
Palaemonetes sp. 

Grass shrimp (larva), R,U TBTO 20 4.07 4.07 Kahn et al. 1993 
Palaemonetes sp. 

American lobster R,U TBTO 32 1.74Sf 1.745 Laughlin and 
(larva), French 1980 
Homarus americanus 

Shore crab (larva), R,- TBTO 9.732 9.732 Thain 1983 
Carcinus maenas 

Mud crab (larva), R,U TBTS 15 >24.3 f Laughlin et al. 
Rhithropanopeus 1983 
harrisii 

Mud crab (larva), R,U TBTO 15 34.90f 34.90 Laughlin et al. 
Rhithropanopeus 1983 
harrisii 

Shore crab (larva), R,U TBTO 32 83.28f 83.28 Laughlin and 
Hemigrapsus nudus French 1980 

Amphioxus, F,U TBTO <10 <10 Clark et al. 
Branchiostoma 1987 
caribaeum 

Chinook salmon S,M TBTO 28 1.460 1.460 Short and 
(juvenile), Thrower 
Oncorhynchus 1986b;1987 
tshawytscha 

Atlantic menhaden F,M TBT 10 4.7 Bushong et al. 
(juvenile), 1987;1988 
Brevoortia tyrannus 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

LCSO Species Mean 
Salinity or ECSO Acute Value 

Species Method" Chemicalb Jg&gL (ugiLt (uglL) References 

SALTWATER SPECIES 

Atlantic menhaden F,M TBT 10 S.2 4.944 Bushong et aI. 
(juvenile), 1987;1988 
Brevoortia tyrannus 

Sheepshead minnow S,U TBTO 20 16.54 EG&G 
(juvenile), Bionomics 1979 
Cyprinodon 
variegatus 

Sheepshead minnow S,U TBTO 20 16.54 EG&G 
(juvenile), Bionomics 1979 
Cyprinodon 
variegatus 

Sheepshead minnow S,U TBTO 20 12.65 EG&G 
(juvenile), Bionomics 1979 
Cyprinodon 
variegatus 

Sheepshead minnow F,M TBTO 28-32 2.31Sf EG&G 
(33-49 mm), Bionomics 
Cyprinodon 1981d 
variegatus 

Sheepshead minnow F,M TBTO 15 12.31 Walker 1989a 
(juvenile), 
Cyprinodon 
variegatus 

Sheepshead minnow F,M TBT 10 2S.9 9.037 Bushong et aI. 
(subadult), 1988 
Cyprinodon 
variegatus 

Mummichog (adult), S,U TBTO 25 23.36 EG&G 
Fundulus (95%) Bionomics 1976 
heteroclitus 

Mumichog (juvenile), F,M TBTO 2 17.2 Pinkney et al. 
Fundulus 1989a,b 
heteroclitus 

Mummichog (larva), F,M TBT 10 23.4 Bushong et al. 
Fundulus 1988 
heteroclitus 
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Table 1. Acute Toxicity of Tributyltin to Aquatic Animals (continued) 

LC50 Species Mean 
Salinity or EC50 Acute Value 

Species Method" Chemicalb Jg&gL (ugiLt (uglL) References 

SALTWATER SPECIES 

Mummichog F,M TBT 10 23.8 21.34 Bushong et al. 
(subadult), 1988 
Fundulus 
heteroclitus 

Inland silverside F,M TBT 10 3.0 3.0 Bushong et al. 
(larva), 1987;1988 
Menidia beryllina 

Atlantic silverside, F,M TBT 10 8.9 8.9 Bushong et al. 
Menidia menidia 1987;1988 

Starry flounder R,M TBTCI 30.2 10.1 10.1 Meador 1997 
( <1-year-old), (96%) 
Platichthys stellatus 

S = static; R = renewal; F = flow-through; M = measured; U = unmeasured. 
b TBTCI = tributyltin chloride; TBTF = tributyltin fluoride; TBTO = tributyltin oxide; TBTS = tributyltin sulfide. 

Percent purity is given in parentheses when available. 

d 

Concentration of the tributy ltin cation, not the chemical. If the concentrations were not measured and the 
published results were not reported to be adjusted for purity, the published results were multiplied by the purity 
if it was reported to be less than 95 percent. Note: The values underlined in this colunm were used to calculate 
the SMA V for the respective species. 
Value not used in determination of Species Mean Acute Value because data are available for a more sensitive 
life stage. 
The test organisms were exposed to leachate from panels coated with antifouling paint containing a tributyltin 
polymer and cuprous oxide. Concentrations of TBT were measured and the authors provided data to 
demonstrate the similar toxicity of a pure TBT compound and the TBT from the paint formulation. 
LC50 and EC50 calculated or interpolated graphically based on the authors' data. 
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Species 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Fathead minnow, 
Pimephales 
promelas 

Atlantic 
dogwhinkle, 
Nucella lapillus 

Copepod, 
Eurytemora 
affinis 

Copepod, 
Eurytemora 
affinis 

My sid, 
Acanthomysis 
sculpta 

Table 2a. Chronic Toxicity of Tributyltin to Aquatic Animals. 

Chemicalb 

LC TBTO 
(96%) 

LC TBTO 
(100%) 

ELS TBTO 
(96%) 

ELS TBTO 
(97%) 

LC TBTCI 

LC TBTCI 

LC -d 

Hardness 
(mglL as 
CaC03L 

Chronic 
Limits 

~ 

FRESHWATER SPECIES 

51.5 0.1-0.2 

160-174 0.19-0.34 

51.5 0.15-0.45 

SAL TWATER SPECIES 

34-35 0.0074-0.0278 f 

1O.3e <0.088 

14.6e 0.094-0.224 

0.09-0.19 

Chronic 
Value 
(uglL) 

0.1414 

0.2542 

0.2598 

0.0143 

<0.088 

0.145 

0.1308 

a LC = Life-cycle or partial life-cycle; ELS = early life-stage. 

References 

Brooke et al. 1986 

ABC Laboratories, 
Inc. 1990d 

Brooke et al. 1986 

Harding et al. 1996 

Hall et al. 
1987;l988a 

Hall et al. 
1987;l988a 

Davidson et al. 
1986a,1986b 

b TBTO = tributyltin oxide; TBTCI = tributyltin chloride. Percent purity is given in parentheses when available. 
Measured concentrations of the tributyltin cation. 

d The test organisms were exposed to leachate from panels coated with antifouling paint containing a tributyltin 
polymer and cuprous oxide. Concentrations of TBT were measured and the authors provided data to demonstrate 
the similar toxicity of a pure TBT compound and the TBT from the paint formulation. 
Salinity (g/kg). 
TBT concentrations are those reported by Bailey et al. (1991). See text for explanation. 
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Table 2b. Acute-Chronic Ratios 

Acute-Chronic Ratios 

Hardness Acute 
(mglL as Value Chronic Value 

Species CaCO,L (!!gLL) (!!gLL) Ratio Reference 

Cladoceran, 51.5 4.3 0.1414 30.41 Brooke et al. 1986 
Daphnia magna 

Cladoceran, 160-174 11.2 0.2542 44.06 ABC Laboratories, 
Daphnia magna Inc. 1990d 

Fathead minnow, 51.5 2.6 0.2598 10.01 Brooke et al. 1986 
Pimephales promelas 

Copepod, 2.2 <0.088 >25.00 Hall et al. 
Eurytemora affinis 1987;l988a 

Copepod, 2.2 0.145 15.17 Hall et al. 
Eurytemora affinis 1987;l988a 

My sid, 0.61a 0.1308 4.664 Davidson et al. 
Acanthomysis sculpta 1986a,1986b 

Snail, 34-35b 72.7 0.0143 5,084 Harding et al. 1996 
Nucella lapillus 

a Reported by Valkirs et al. (1985). 
b Salinity (g/kg). 
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Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios 

Genus Mean Species Mean Species Mean 
Acute Value Acute Value Acute-Chronic 

Rank" (ugIL) Species (ugIL) b Ratio C 

FRESHWATER SPECIES 

12 24,600 Freshwater clam, 24,600 
Elliptio camplanatus 

11 12.73 Lake trout, 12.73 
Salve linus naymaycush 

10 10.2 Mosquito, 10.2 
Culex sp. 

9 8.3 Bluegill, 8.3 
Lepomis macrochirus 

8 5.5 Channel catfish, 5.5 
lctalurus punctatus 

7 5.4 Annelid, 5.4 
Lumbriculus variegatus 

6 4.571 Rainbow trout, 4.571 
Oncorhynchus mykiss 

5 4.3 Cladoceran, 4.3 36.60 
Daphnia magna 

4 3.7 Amphipod, 3.7 
Gammarus pseudolimnaeus 

3 2.6 Fathead minnow, 2.6 10.01 
Pimephales promelas 

2 1.80 Hydra, 1.80 
Chlorohydra viridissmia 

1 1.170 Hydra, 1.201 
Hydra littoralis 

Hydra, 1.14 
Hydra oligactis 
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Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios (continued) 

Genus Mean Species Mean Species Mean 
Acute Value Acute Value Acute-Chronic 

Rank" (ugIL) Species (ugIL)b RatioC 

SALTWATER SPECIES 

30 204.4 European flat oyster, 204.4 
Ostrea edulis 

29 108 Ampbipod, 108 
Rhepoxynius abronius 

28 83.28 Shore crab, 83.28 
Hemigrapsus nudus 

27 72.7 Atlantic dogwbinkle, 72.7 
Nucella lapillus 

26 34.90 Mud crab, 34.90 
Rhithropanopeus harrisii 

25 25 Polychaete, 25 
Armandia brevis 

24 21.34 Mummichog, 21.34 
Fundulus heteroclitus 

23 >14.60 Ampbipod, >14.60 
Orchestia traskiana 

22 10.1 Starry flounder, 10.1 
Platichthys stellatus 

21 <10 Ampbioxus <10 
Branchiostoma caribaeum 

20 9.732 Shore crab, 9.732 
Carcinus maenas 

19 9.487 Ampbipod, 10.0 
Eohaustorius estuarius 

Ampbipod, 9 
Eohaustorius washingtonianus 

18 9.037 Sheepshead minnow, 9.037 
Cyprinodon variegatus 

17 9.022 Grass shrimp, 20 
Palaemonetes pugio 

Grass shrimp, 4.07 
Palaemonetes sp. 
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Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios (continued) 

Genus Mean Species Mean Species Mean 
Acute Value Acute Value Acute-Chronic 

Rank" (uglL) Species (uglLt RatioC 

SALTWATER SPECIES 

16 6.812 Polychaete, 6.812 
Neanthes arenacedentata 

15 5.3 Amphipod, 5.3 
Gammarus sp. 

14 5.167 Inland silverside, 3.0 
Menidia beryllina 

Atlantic silverside, 8.9 
Menidia menidia 

13 4.944 Atlantic manhaden, 4.944 
Brevoortia tyrannus 

12 • !l-.74 Lugworm, • !l-.74 
Arenicola cristata 

11 3.183 Mysid, 3.183 
Metamysidopsis elongata 

10 2.483 Pacific oyster, 1.557 
Crassostrea gigas 

Eastern oyster, 3.96 
Crassostrea virginica 

9 2.238 Blue mussel, 2.238 
Mytilus edulis 

8 1.975 Copepod, 1.975 15.17 
Eurytemora afjinis 

7 1.911 Copepod, 1.911 
Nitocra spinipes 

6 1.745 American lobster, 1.745 
Homarus americanus 

5 1.692 Mysid, 1.692 
Amenicamysis bahia 

4 1.65 Hard clam, 1.65 
Mercenaria mercenaria 

3 1.460 Chinook salmon, 1.460 
Oncorhynchus tshawytscha 

Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios (continued) 
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Genus Mean Species Mean Species Mean 
Acute Value Acute Value Acute-Chronic 

Rank" (uglL) Species (uglL)b RatioC 

SALTWATER SPECIES 

2 1.1 Copepod, 1.1 
Acartia tansa 

1 0.61 Mysid, 0.61 4.664 
Acanthamysis sculpta 

a Ranked from most resistant to most sensitive based on Genus Mean Acute Value. Inclusion of "greater than" 
value does not necessarily imply a true ranking, but does allow use of all genera for which data are available so 
that the Final Acute Value is not unnecessarily lowered. 

b From Table 1. 
e From Table 2. 

Fresh Water 

Final Acute Value = 0.9177 IlglL 

Criterion Maximum Concentration = (0.9177 IlglL) 7 2 = 0.4589 IlglL 

Final Acute-Chronic Ratio = 12.69 (see text) 

Final Chronic Value = (0.9177 IlglL) 712.69 = 0.0723 IlglL 

Salt Water 

Final Acute Value = 0.8350 IlglL 

Criterion Maximum Concentration = (0.8350 IlglL) 7 2 = 0.4175 IlglL 

Final Acute-Chronic Ratio = 12.69 (see text) 

Final Chronic Value = (0.8350 IlglL) 7 12.69 = 0.0658 IlglL 

Final Chronic Value = 0.0074 IlglL (lowered to protect growth of commercially important molluscs, survival of the 
ecologically important copepodAcartia tansa, and survival of the ecologically important gastropod Nucella 
lapillus; see text) 
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Table 4. Toxicity of Tributyltin to Aquatic Plants 

Hardness 
(mglL as Duration Concentration 

Species Chemical" CaCOJl (days) Effect (uglL)b Reference 

FRESHWATER SPECIES 

Alga, TETel 14 No growth 111.4 Blanck 1986; 
Bumilleriopsis Blanck et al. 1984 
filiformis 

Alga, TETel 14 No growth 222.8 Blanck 1986; 
Klebsormidium Blanck et al. 1984 
marinum 

Alga, TETel 14 No growth 1,782 Blanck 1986; 
Monodus Blanck et al. 1984 
subterraneus 

Alga, TETel 14 No growth 56.1 Blanck 1986; 
Raphidonema Blanck et al. 1984 
longiseta 

Alga, TETel 14 No growth 111.4 Blanck 1986; 
Tribonema Blanck et al. 1984 
aequale 

Blue-green alga, TBTel 14 No growth 222.8 Blanck 1986; 
Oscillatoria sp. Blanck et al. 1984 

Blue-green alga, TBTel 14 No growth 111.4 Blanck 1986; 
Synechococcus Blanck et al. 1984 
leopoliensis 

Green alga, TBTel 14 No growth 111.4 Blanck 1986; 
Chlamydomonas Blanck et al. 1984 
dysosmas 

Green alga, TBTel 14 No growth 445.5 Blanck 1986; 
Chiarella Blanck et al. 1984 
emersonii 

Green alga, TBTel 14 No growth 111.4 Blanck 1986; 
Kirchneriella Blanck et al. 1984 
contorta 

Green alga, TBTel 14 No growth 111.4 Blanck 1986; 
Monoraphidium Blanck et al. 1984 
pusillum 

Green alga, TBTel 14 No growth 445.5 Blanck 1986; 
Scenedesmus Blanck et al. 1984 
obtusiusculus 
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Table 4. Toxicity of Tributyltin to Aquatic Plants (continued) 

Hardness 
(mglL as Duration Concentration 

Species Chemical" CaCOJl (days) Effect (uglL)b Reference 

FRESHWATER SPECIES 

Green alga, TETCI 12 Reduced 1 Fargasova and 
Scenedesmus growth Kizlink 1996 
quadricauda (87.6%) 

Green alga, TBTO 7 EC50 5.0 Fargasova 1996 
Scenedesmus chlorophyll 
quadricauda production 

Green alga, TBTO 0.67 12 Reduced Fargasova and 
Scenedesmus growth Kizlink 1996 
quadricauda 87.6% 1 

95.9% 10 
100% 100 

Green alga, TBT 72.7 4 EC50 3.4 Huang et al. 1993 
Scenedesmus (reduced 
obliquus growth) 

Green alga, TETCI 14 No growth 111.4 Blanck 1986; 
Selenastrum Blanck et al. 1984 
capricornutum 

Green alga, TETCI 4 EC50 12.4 Miana et aI. 1993 
Selenastrum 
capricornutum 

SAL TWATER SPECIES 

Diatom, TBTO 5 Algistatic 0.9732-17.52 Thain 1983 
Skeletonema Algicidal >17.52 
costatum 

Diatom, TBTO 30c 14 EC50 >0.1216; EG&G Bionomics 
Skeletonema (BioMet (dry cell <0.2433 1981c 
costatum Red) weight) 

Diatom, TBTO 30c 14 EC50 0.06228 EG&G Bionomics 
Skeletonema (dry cell 1981c 
costatum weight) 

Diatom, TBTO 8 EC50 1.19 Delupis et aI. 1987 
Nitzschia sp. (reduced 

growth) 
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Table 4. Toxicity of Tributyltin to Aquatic Plants (continued) 

Species 

Flagellate alga, 
Dunaliella 
tertiolecta 

Mixed algae, 
Dunaliella 
salina and 
D. viridis 

Chemical" 

TBTO 

TBT 

Hardness 
(mglL as 
CaCOJl 

Duration 
(days) Effect 

SAL TWATER SPECIES 

8 

4 

EC50 
(reduced 
growth) 

EC50 
(reduced 
growth) 

Concentration 
(uglL)b 

4.53 

0.68 

Reference 

Delupis et al. 1987 

Huang et al. 1993 

a TETCI = tributyltin chloride; TETO = tributyltin oxide. Percent purity is given in parentheses when available. 
b Concentration of the tributyltin cation, not the chemical. lfthe concentrations were not measured and the published 

results were not reported to be adjusted for purity, the published results were multiplied by the purity if it was 
reported to be less than 95%. 

C Salinity (g/kg). 
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Table 5. Bioaccumulation of Tributyltin by Aquatic Organisms 

Hardness Cone. BCF 
(mg/L as in Water Duration or 

Species Chemicala (CaCo 31 (!1g/L)b ~ Tissue BAFc Reference 

FRESHWATER SPECIES 

Zebra mussel TBT 0.0703 105 Soft parts l7,483 d Becker-van 
(1.76 ±0.094 em), Slooten and 
Dreissena Tarradellas 1994 
polymorpha 

Rainbow trout TBTO 135 0.513 64 Whole body 406 Martin et al. 1989 
(13.8 g), (97%) 
Oncorhynchus 
mykiss 

Rainbow trout TBTO 135 l.026 15 Liver 1,l79 Martin et al. 1989 
(32.7 g), (97%) Gall bladder/bile 331 
Oncorhynchus Kidney 2,242 
mykiss Carcass 1,345 

Peritoneal fat 5,419 
Gill 1,014 
Blood 653 
Gut 487 
Muscle 312 

Carp TBTO 2.1 14 Muscle 501.2 Tsuda et al. 
(9.5-11.5 em; 20.0- 1988a 
27.5 g); 
Cyprinus carpio 

Carp TBTO 34.5-39.0 l.8 14 Whole body o il90 Tsuda et al. 
(8.5-9.5 em; (pH=6.0) 1990a 
16.5-22.1 g); l.6 o i523 
Cyprinus carpio (pH=6.8) 

1.7 o !250 
(pH=7.8) 

Goldfish TBTCI 36 0.13 28 Whole body 1,976 Tsuda et al. 
(3.5-4.0 em; 1991b 
l.6-2.9 g); 
Carassius auratus 

Guppy TBTC 0.28 14 Whole body 240 Tsuda et al. 
(0 ~2.4-2.7 em; (95%) 1990b 
0.41-0.55 g); 
Poecilia 
reticulatus 

Guppy TBTO 0.54 14 Whole body 460 Tsuda et al. 
(2.4-2.7 em; (95%) 1990b 
0.41-0.55 g); 
Poecilia 
reticulatus 
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Table 5. Bioaccumulation of Tributyltin by Aquatic Organisms (continued) 

Snail (adults), 
Littorina littorina 

Atlantic 
dogwhinkle 
(female), 
Nucella lapillus 

Atlantic 
dogwhinkle 
(female), 
Nucella lapillus 

Atlantic dog 
whinkle 
(18-22 mm), 
Nucella lapillus 

Atlantic 
dogwhinkle 
(1 year-old), 
Nucella lapillus 

Atlantic 
dogwhinkle 
(1 year-old), 
Nucella lapillus 

Blue mussel (spat), 
Mytilus edulis 

Blue mussel 
(adult), 
Mytilus edulis 

Blue mussel 
Guvenile), 
Mytilus edulis 

Blue mussel, 
lvfytilus edulis 

Blue mussel 
Guvenile), 
MJ:!.tilus edulis 

Chemicala 

TBTCI 

TBT 

Field 

TBTCI 

TBTO 

TBTO 

Field 

Field 

Field 

Salinity 

~ 

35 

34-35 

34-35 

28.5-34.2 

Conc. 
in Water 

(!1gIL)b 
Duration 

~ 

SALTWATER SPECIES 

0.488 182 
0.976 182 

0.0038 to 249 to 
0.268 408 

0.070 529 to 
634 

0.0205 49 

0.0027 365 
0.0077 365 
0.0334 365 
0.1246 365 

0.0026 365 
0.0074 365 
0.0278 365 
0.1077 365 

0.24 45 

<0.1 60 

<0.1 60 

0.452 56 
0.204 
0.204 
0.079 

<0.105 84 

56 

Tissue 

Soft parts 
Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 
Soft parts 
Soft parts 
Soft parts 

Soft parts 
Soft parts 
Soft parts 
Soft parts 

Soft parts 

Soft parts 

Soft parts 

BCF 
or 

BAFc 

1,420 
1,020 

11,000 
to 

38,000 

l7,000 

30,000 

18,727 
21,964 
16,756 
7,625 

<7782 
10,121 
8,088 
6,172 

6,833 f 

11,000 

25,000 

23,000 
27,000 
10,400 
37,500 

5,000-
60,000 

Reference 

Bauer et al. 1997 

Bryan et al. 
1987a 

Bryan et al. 
1987a 

Bryan et al. 
1989b 

Bailey et al. 1991 

Harding et al. 
1996 

Thain and 
Waldock 1985; 
Thain 1986 

Salazar and 
Salazar 1990a 

Salazar and 
Salazar 1990a 

Salazar et al. 
1987 

Salazar and 
Salazar, 1991 
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Table 5. Bioaccumulation of Tributyltin by Aquatic Organisms (continued) 

Blue mussel 
(3.0 - 3.5 em), 
Mytilus edulis 

Eastern Oyster 
(6-9 em length), 
Crassostrea 
virginica 

Pacific oyster, 
Crassostrea gigas 

Pacific oyster, 
Crassostrea gigas 

Pacific oyster, 
Crassostrea gigas 

Pacific oyster, 
Crassostrea gigas 

Pacific oyster, 
Crassostrea gigas 

Pacific oyster 
(spat), 
Crassostrea gigas 

European flat 
oyster, 
Ostrea edulis 

European flat 
oyster, 
Ostrea edulis 

European flat 
oyster, 
Ostrea edulis 

European flat 
oyster, 
Ostrea edulis 

Chemicala 

TBTCI 

TBTO 

TBTO 

TBTO 

TBTO 

TBTO 

TBTO 

TBTO 

TBTO 

Salinity 

~ 

25.1-26.3 

18±1 

28-3l.5 

28-3l.5 

28.5-34.2 

29-32 

29-32 

28-3l.5 

28-34.2 

28-34.2 

28.5-34.2 

Cone. 
in Water 

(!1gIL)b 
Duration 

~ 

SALTWATER SPECIES 

0.020 60 

0.283 28 

l.216 21 

0.1460 21 

0.24 45 

l.557 56 

0.1460 56 

0.29 30 
0.92 
2.83 

l.216 21 

0.24 75 

2.62 75 

0.24 45 

SALTWATER SPECIES 

57 

Tissue 

Muscle and 
mantle 
Muscle and 
mantle 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

BCF 
or 

BAFc 

7,700 

11,000 

15,460 

1,874f 

6,047f 

7,292f 

2,300 

11,400 

2275 
1369 
621 

960f 

875f 

397f 

1,167f 

Reference 

Guolan and Y ong 
1995 

Roberts et al. 
1996 

Waldock et al. 
1983 

Waldock et al. 
1983 

Thain and 
Waldock 1985; 
Thain 1986 

Waldock and 
Thain 1983 

Waldock and 
Thain 1983 

Osada et al. 1993 

Waldock et al. 
1983 

Waldock et al. 
1983 

Thain 1986 

Thain and 
Waldock 1985; 
Thain 1986 
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Table 5. Bioaccumulation of Tributyltin by Aquatic Organisms (continued) 

Conc. 
Salinity in Water Duration 

Species Chemicala 
~ (!1gIL)b ~ Tissue 

European flat 28.5-34.2 2.62 45 Soft parts 
oyster, 
Ostrea edulis 

a TBTO = tributyltin oxide; Field = field study. Percent purity is given in parentheses when available. 
b Measured concentration of the tributyltin cation. 

BCF 
or 

BAFc Reference 

192.3 f Thain and 
Waldock 1985; 
Thain 1986 

C Bioconcentration factors (BCFs) and bioaccumulation factors (BAFs) are based on measured concentrations ofTBT in water 
and tissue. 

d BCF normalized to 1 % lipid concentration and converted to wet weight estimate based upon 85% moisture. 
e Test organisms were exposed to leachate from panels coated with antifouling paint containing tributyltin. 
f BCFs were calculated based on the increase above the concentration of TBT in control organisms. 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms 

Hardness 
(mglL as Concentration 

Species Chemicala CaC03l Duration Effect (ugiLt Reference 

FRESHWATER SPECIES 

Microcosm TBTO 55 days Daphnia magna 80 Delupis and 
natural disappeared; Ostracoda Miniero 1989 
assemblage increased; algae increased 

immediately then gradually 
disappeared 

Microcosm TBTO 24 days Metabolism reduced 4.7 Miniero and 
natural (2.5 days) Delupis 1991 
assemblage Metabolism returned to 

normal (14.1 days) 
Metabolism reduced 14.9 
(1 day) 
Metabolism returned to 
normal (16 days) 

Alga, 4 hr EC50 5 Wong et al. 
Natural (production) 1982 
assemblage 

Blue-green alga, 4 hr EC50 13 Wong et al. 
Anabaena (production) 1982 
jlos-aquae 

Green alga, 4 hr EC50 Wong et al. 
Ankistrodesmus (production) 20 1982 
falcatus (reproduction) 5 

Green alga, TBTO 7 days BCF = 300 5.2 Maguire et al. 
Ankistrodesmus (97%) 14 days BCF =253 4.7 1984 
falcatus 21 days BCF =448 2.1 

28 days BCF =467 l.5 

Green alga, 4 hr EC50 16 Wong et al. 
Scenedesmus (production) 1982 
quadricauda 

Hydra, TBTO 5l.0 96 hr EC50 0.5 Brooke et al. 
Hydra sp. (96%) (clubbed tentacles) 1986 

Rotifer, TBTCI 24 hr EC50 (hatching) 72 Crisinel et al. 
Brachionus 1994 
calyciflorus 

Asiatic clam TBTO 24 hr EC50 1,990 Foster 1981 
(larva), 
Corbicula 
jluminea 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Hardness 
(mglL as Concentration 

Species Chemicala CaC03l Duration Effect (!1gIL)b Reference 

FRESHWATER SPECIES 

Cladoceran, TBTO 24 hr LC50 3 Polster and 
Daphnia magna Halacha 1972 

Cladoceran «24 TBTC 200 24 hr EC50 1l.6 Vighi and 
hr), (mobility) Calamari 1985 
Daphnia magna 

Cladoceran «24 TBTO 200 24 hr EC50 13.6 Vighi and 
hr), (mobility) Calamari 1985 
Daphnia magna 

Cladoceran TBTCI 8 days Altered phototaxis 0.45 Meador 1986 
(adult), 
Daphnia magna 

Cladoceran TBTCI 150 7 days Altered behavior 1 Bodar et al. 
(l4-d-old), Reproductive failure 1 1990 
Daphnia magna Digestive storage cells 5 

reduced 

Cladoceran «24- TBTCI 312.8 48 hr EC50 9.8 Miana et al. 
hold), (mobility) 1993 
Daphnia magna 

Fairy shrimp TBTCI 250 24 hr EC50 (hatching) 15 Crisinel et al. 
(cysts), 1994 
Streptocephalus 
texanus 

Rainbow trout TBTO 24 hr LC50 25.2 Alabaster 1969 
(yearling), 48 hr 18.9 
Oncorhynchus 
mykiss 

Rainbow trout, TBTO 24 hr EC50 30.8 Chliamovitch 
Oncorhynchus (rheotaxis) and Kuhn 1977 
mykiss 

Rainbow trout TBTCI 94-102 110 days 20% reduction in growth 0.18 Seinen et al. 
(embryo, larva), 23% reduction in growth; 0.89 1981 
Oncorhynchus 6.6% mortality 
mykiss 100% mortality 4.46 

Rainbow trout TBTCI 96-105 110 days NOEC (mortality and 0.040 de Vries et al. 
(fry), growth) 1991 
Oncorhynchus LOEC (mortality and 0.200 
mykiss growth) 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Hardness 
(mglL as Concentration 

Species Chemicala CaC03l Duration Effect (!1gIL)b Reference 

FRESHWATER SPECIES 

Rainbow trout, TBTO 28 days BCF = 3,833 (whole body) 0.6 Schwaiger et 
Oncorhynchus BCF = 2,850 (whole body) l.0 al. 1992 
mykiss BCF = 2,700 (whole body) 2.0 

BCF = 1,850 (whole body) 4.0 
Cell necrosis within gill 4.0 
lamellae 

Rainbow trout, TBTO 28 days BCF = 3,833 (whole body) 0.6 Schwaiger et 
Oncorhynchus BCF = 2,850 (whole body) l.0 al. 1992 
mykiss BCF = 2,700 (whole body) 2.0 

BCF = 1,850 (whole body) 4.0 
Cell necrosis within gill 
lamellae 4.0 

Rainbow trout TBTO 400 21 days Reduced growth 0.5 Triebskorn et 
(3 wk), (98%) Reduced avoidance al. 1994 
Oncorhynchus BCF = 540 (no head; 
mykiss no plateau) 

BCF = 990 (no head; 2 
no plateau 

Goldfish TBTO 14 days BCF = 1230 (no plateau) 2.0 Tsuda et al. 
(2.8-3.5 cm; (reagent 1988b 
0.9-l.7 g), grade) 
Carassius 
auratus 

Carp TBTO 7 days BCF in muscle = 295 l.80 Tsuda et al. 
(1 0.0-1l.0 cm; Half-life = l.67 days 1987 
22.9-30.4 g), 
Cyprinus carpio 

Guppy (3-4 wk), TBTO 209 3 mo Thymus atrophy 0.32 Wester and 
Poecilia Hyperplasia of kidney l.0 Canton 1987 
reticulata hemopoietic tissue 

Marked liver vacuolation l.0 
Hyperplasia of corneal 10.0 
epithelium 

Guppy (4 wk), TBTO 1 mo NOEC l.0 Wester and 
Poecilia 3 mo NOEC 0.32 Canton 1991 
reliculala 

Frog TBTO 5 days LC40 28.4 Laughlin and 
(embryo, larva), TBTF LC50 28.2 Linden 1982 
Rana temporaria TBTO Loss of body water 28.4 

TBTF Loss of body water 28.2 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Natural microbial TBTCI 2 and 17 1 hr Significant decrease in 4.454 Jonas et al. 
populations (incubated metabolism of nutrient 1984 

10 days) substrates 

Natural microbial TBTCI 2 and 17 1 hr 50% mortality 89.07 Jonas et al. 
populations (incubated 1984 

10 days) 

Fouling 33-36 2 months Reduced species and 0.1 Henderson 
communities diversity; no effect at 0.04 1986 

!1glL 

Fouling 126 days No effect 0.204 Salazar et al. 
communities 1987 

Microcosm TBT 21.5-28.9 6wks Fate ofTBT 0.2-20 Levine et al. 
(seagrass bed) (>95%) Sediments 81-88% 1990 

Plants 9-17% 
Animals 2-4% 

Microcosm TBTCI 6wks Reduced plant material loss; 22.21 Kelly et al. 
(seagrass bed) loss of amp hi pod Cymadusa 1990a 

compta 

Periphyton TBTCI 15 min EC50 (reduced 28.7 Blanck and 
communities photosynthesis Dahl 1996 

Periphyton TBTO 15 min EC50 (reduced 27.9 Blanck and 
communities photosynthesis Dahl 1996 

Green alga, TBTO 34-40 18 days Population growth 1.0 Beaumont and 
Dunaliella Newman 1986 
tertiolecta 

Green alga, TBTO 72 hr Approx. EC50 (growth) 1.460 Salazar 1985 
Dunaliella sp. 

Green alga, TBTO 72 hr 100% mortality 2.920 Salazar 1985 
Dunaliella sp. 

Green alga, TBTO 8 days EC50 4.53 Delupis et al. 
Dunaliella 1987 
tertiolecta 

Diatom, TBTO 72 hr No effect on growth 1.460-5.839 Salazar 1985 
Phaeodoctylum 
tricomutum 

Diatom, TBTO 8 days EC50 1.19 Delupis et al. 
Nitzschia sp. 1987 

Diatom, TBTO 8 days EC50 1.19 Delupis et al. 
Nitzschia sp. 1987 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Diatom, TBTCI 7 days EC50 (growth) 1.16 Nakagawa and 
Nitzschia Saeki 1992 
closterium 

Diatom, TBTA 30 72 hr EC50 0.3097 Walsh et al. 
Skeletonema (population growth) 1985;1987 
costatum 

Diatom, TBTA 30 72 hr LC50 12.65 Walsh et al. 
Skeletonema 1985;1987 
costatum 

Diatom, TBTO 34-40 12-18 days Population growth l.0 Beaumont and 
Skeletonema Newman 1986 
costatum 

Diatom, TBTO 30 72 hr EC50 0.3212 Walsh et al. 
Skeletonema (population growth) 1985;1987 
costatum 

Diatom, TBTO 30 72 hr LC50 13.82 Walsh et al. 
Skeletonema 1985 
costatum 

Diatom, TBTCI 30 72 hr EC50 0.3207 Walsh et al. 
Skeletonema (population growth) 1985;1987 
costatum 

Diatom, TBTCI 30 72 hr LC50 10.24 Walsh et al. 
Skeletonema 1985;1987 
costatum 

Diatom, TBTF 30 72 hr EC50 >0.2346, Walsh et al. 
Skeletonema (population growth) >0.4693 1985;1987 
costatum 

Diatom, TBTF 30 72 hr LC50 11.17 Walsh et al. 
Skeletonema 1985 
costatum 

Diatom, TBTCI 30.5 96 hr NOEC Reader and 
Skeletonema Pelleti er 1992 
costatum 

Diatom, TBTCI 7 days EC50 (growth) 3.48 Nakagawa and 
Skeletonema Saeki 1992 
costatum 

Diatom, TBTCI 7 days EC50 (growth) 1.16 Nakagawa and 
Chaetoceros Saeki 1992 
debilis 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Diatom, TBTCI 7 days EC50 (growth) 2.05 Nakagawa and 
Chattonella Saeki 1992 
antiqua 

Diatom, TBTCI 7 days EC50 (growth) 6.06 Nakagawa and 
Tetraselmis Saeki 1992 
tetrathele 

Diatom, TBTO 48 hr EC50 ·340 Walsh et al. 
Minutocellus 1988 
polymorphus 

Diatom, TCTCI 48 hr EC50 ·330 Walsh et al. 
Minutocellus 1988 
polymorphus 

Diatom, TBTA 30 72 hr EC50 1.101 Walsh et al. 
Thalassiosira (population growth) 1985 
pseudonana 

Diatom, TBTO 30 72 hr EC50 l.002 Walsh et al. 
Thalassiosira (population growth) 1985;1987 
pseudonana 

Alga, TBTO 34-40 12-26 days Population growth l.0 Beaumont and 
Pavlova lutheri Newman 1986 

Alga, TBTO 16 days NOEC 5.36 Saint-Louis et 
Pavlova lutheri LOEC 21.46 al. 1994 

Dinoflagellate, TBTO 72 hr 100% mortality 1.460 Salazar 1985 
Gymnodinium 
splendens 

Macroalgae, TBT 6 7 days Photosynthesis and nutrient 0.6 Lindblad et al. 
Fucus uptake reduced 1989 
vesiculosus 

Giant kelp TBT 32-33 48 hr EC50 (germination) 11.256 Brix et al. 
(zoospores), EC50 (growth) 13.629 1994a 
Macrocystis 
pyrifera 

Polychaete worm TBTCI 30 lOwks NOEC (survival) 0.100 Moore et al. 
Guvenile), (96%) LOEC (survival) 0.500 1991 
Neanthes 
arenaceodentata 

Polychaete worm TBTCI 28.5 10 days BCF = 5,100 (no plateau) 233 Meador 1997 
(adult), (96%) 
Armandia brevis 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Rotifer TBT 15 30 min Induction ofthe stress 20-30 Cochrane et al. 
(neonates), protein gene SP58 1991 
Brachionus 
plicatilis 

Hydroid, TBTF 35 11 days Colony growth stimulation; 0.01 Stebbing 1981 
Campanularia no growth l.0 
jlexuosa 

Pale sea anemone TBT 28 days Reduced (90.4%) symbiotic 0.05 Mercier et al. 
(1-2 em oral zooxanthellae populations; 1997 
disc), incresed bacterial aggregates; 
Aiptasia pallida fewer undischarged 

nematocysts 

Sand dollar TBT 32-33 80 min EC50 (mortality) 0.465 Brix et al. 
(sperm), 1994b 
Dendraster 
excentricus 

Starfish (79 g), TBTCI 25.9 48 hr BCF = 41,374 (whole body) 0.072 Rouleau et al. 
Leptasterias 1995 
polaris 

Dogwhinkle 120 days 41% Imposex 0.05 Bryan et al. 
(adult), (superimposition of male 1986 
Nucella lapillus anatomical characteristics on 

females) 

Dogwhinkle TBTCI 35 6 months Imposex induced • ~.012 Stroben et al. 
(adult), 1992b 
Nucella lapillus 

Dogwhinkle TBTCI 35 22 BCF = • !O,OOO 0.019 Bryan et al. 
(subadult), 1993 
Nucella lapillus 

Mussel Guvenile), Field 12 weeks NOEC tissue concentration Salazar and 
Mytilus sp. growth = 0.5 /1g/g Salazar 1990b, 

LOEC tissue concentration 1996 
growth = l.5 /1g/g 
NOEC (growth) 0.025 
LOEC (growth) 0.100 
BAF = 5,000-100,000 <0.105 

Blue mussel TBTO 24 hr No effect on sister chromatid l.0 Dixon and 
(larva), exchange Prosser 1986 
Mytilus edulis 

Blue mussel TBTO 4 days Reduced survival • ~.1 Dixon and 
(larva), Prosser 1986 
Mytilus edulis 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Blue mussel 28.5-34.2 45 days 100% mortality 2.6 Thain and 
(spat), Waldock 1985; 
Mytilus edulis Thain 1986 

Blue mussel TBTO 33 15 days 51 % mortality; reduced 0.0973 Beaumont and 
(larva), growth Budd 1984 
Mytilus edulis 

Blue mussel 45 days Reduced growth 0.24 Thain and 
(larva), Waldock 1986 
Mytilus edulis 

Blue mussel TBTO 33.7 7 days Significant reduction in 0.3893 Stromgren and 
Guvenile), growth Bongard 1987 
Mytilus edulis 

Blue mussel TBT 1-2 wk Reduced growth; at <0.2 0.2 Salazar and 
Guvenile), (field) /1glL environmental factors Salazar 1990b 
Mytilus edulis most important 

Blue mussel TBT 12 wks Reduced growth .~.2 Salazar and 
Guvenile), (field) Salazar 1988 
Mytilus edulis 

Blue mussel TBT 12 wks Reduced growth at tissue Salazar and 
Guvenile), (field) conc. of2.0 /1g/g Salazar 1988 
Mytilus edulis 

Blue mussel 56 days Reduced condition 0.157 Salazar et aL 
Guvenile), 1987 
Mytilus edulis 

Blue mussel 196 days Reduced growth (no effect at 0.070 Salazar and 
Guvenile), day 56 of 0.2 /1glL) Salazar 1987 
Mytilus edulis 

Blue mussel 56 days No effect on growth 0.160 Salazar and 
Guvenile), Salazar 1987 
Mytilus edulis 

Blue mussel 66 days LC50 0.97 Valkirs et aL 
(2.5 to 4.1 cm), 1985, 1987 
lvfytilus edulis 

Blue mussel 66 days Significant decrease in shell 0.31 Valkirs et aL 
(2.5 to 4.1 cm), growth 1985 
Mytilus edulis 

Blue mussel TBT 84 days BCF 3,000-100,000 Salazar and 
Guveniles and (field) Salazar 1996 
adults), 
Mytilus sp. 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Blue mussel (3.0- TBT 2 days Reduced ability to survive Wang et al. 
3.5 em), anoxia 1992 
Mytilus edulis 

Blue mussel TBTCI 2.5 days Increased respiration 0.15 Widdows and 
(4 em), (>97%) /1g/g tissue Page 1993 
Mytilus edulis Reduced food absorption 

efficiency 10 /1g/ g 

Blue mussel TBT 33 days NOEC (growth) 0.006 Lapota et al. 
(8-d-old larvae), LOEC (growth) 0.050 1993 
Mytilus edulis 

Scallop (adult), 110 days No effect on condition 0.204 Salazar et al. 
Hinnites 1987 
multirugosus 

Pacific oyster 30 days 100% mortality 2.0 Alzieu et al. 
(larva), 1980 
Crassostrea 
gigas 

Pacific oyster 113 days 30% mortality and abnormal 0.2 Alzieu et al. 
(larva), development 1980 
Crassostrea 
gigas 

Pacific oyster TBTO 48 days Reduced growth 0.020 Lawler and 
(spat), Aldrich 1987 
Crassostrea 
gigas 

Pacific oyster TBTO 14 days Reduced oxygen 0.050 Lawler and 
(spat), consumption and feeding Aldrich 1987 
Crassostrea rates 
gigas 

Pacific oyster 28.5-34.2 45 days 40% mortality; reduced 0.24 Thain and 
(spat), growth Waldock 1985 
Crassostrea 
gigas 

Pacific oyster 28.5-34.2 45 days 90% mortality 2.6 Thain and 
(spat), Waldock 1985 
Crassostrea 
gigas 

Pacific oyster 45 days Reduced growth 0.24 Thain and 
(spat), Waldock 1986 
Crassostrea 
gigas 

67 

NWMAR 117952 



Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Pacific oyster TBT 49 days Shell thickening 0.020 Thain et al. 
(spat), 1987 
Crassostrea 
gigas 

Pacific oyster TBTO 29-32 56 days No growth 1.557 Waldock and 
(spat), Thain 1983 
Crassostrea 
gigas 

Pacific oyster TBTO 29-32 56 days Reduced growth 0.1460 Waldock and 
(spat), Thain 1983 
Crassostrea 
gigas 

Pacific oyster TBT Shell thickening • ~.014 W olniakowski 
(adult), (field) et al. 1987 
Crassostrea 
gigas 

Pacific oyster TBTF 18-21 21 days Reduced number of normally 0.02346 Springborn 
(larva), developed larvae Bionomics, 
Crassostrea Inc. 1984a 
gigas 

Pacific oyster TBTF 18-21 15 days 100% mortality 0.04692 Springborn 
(larva), Bionomics, 
Crassostrea Inc. 1984a 
gigas 

Pacific oyster TBTA 28 24 hr Abnormal development; 4.304 His and Robert 
(embryo), 30-40% mortality 1980 
Crassostrea 
gigas 

Pacific oyster TBTA 24 hr Abnormal development 0.8604 Robert and His 
(embryo), 1981 
Crassostrea 
gigas 

Pacific oyster TBTA 24 hr Abnormal development • ~.9 Robert and His 
(larva), 1981 
Crassostrea 
gigas 

Pacific oyster TBTA 48 hr 100% mortality 2.581 Robert and His 
(larva), 1981 
Crassostrea 
gigas 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Pacific oyster 56 days No effect on growth 0.157 Salazar et al. 
(150-300 mg), 1987 
Crassostrea 
gigas 

Pacific oyster TBT 2-5 mo Reduced growth rate 0.040 Stephenson 
(3.5-25 mm), (field) Normal growth rate 0.010 1991 
Crassostrea 
gigas 

Pacific oyster TBTO 24 hr LC50 7.0 Osada et al. 
(fertilized eggs), Delayed development l.8 1993 
Crassostrea 
gigas 

Pacific oyster TBTO 24 hr LC50 15.0 Osada et al. 
(straight-hinge 1993 
larvae), 
Crassostrea 
gigas 

Pacific oyster TBTO 48 hr LC50 35.0 Osada et al. 
(spat), 1993 
Crassostrea 
gigas 

Pacific oyster TBTA 12 days LC50 0.04 His 1996 
(24-h-old), 
Crassostrea 
gigas 

Eastern oyster 67 days Decrease in condition index 0.73 Valkirs et al. 
(2.7-5.3 em), (body weight) 1985 
Crassostrea 
virginica 

Eastern oyster 67 days No effect on survival l.89 Valkirs et al. 
(2.7-5.3 em), 1985 
Crassostrea 
virginica 

Eastern oyster 33-36 57 days Decrease in condition index 0.1 Henderson 
(adult), 1986 
Crassostrea 
virginica 

Eastern oyster 33-36 30 days LC50 2.5 Henderson 
(adult), 1986 
Crassostrea 
virginica 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Eastern oyster TBTCI 18-22 48 hr Abnormal shell development 0.77 Roberts 1987 
(embryo), 
Crassostrea 
virginica 

Eastern oyster TBTO 11-12 96 hr EC50; shell growth 0.31 Walker 1989b 
Guvenile), 
Crassostrea 
virginica 

Eastern oyster 8wks No affect on sexual 1.142 Roberts et al. 
(adult), development, fertilization 1987 
Crassostrea 
virginica 

Eastern oyster TBT 21 wks Immune response not 0.1 Anderson et al. 
(adult), weakened 1996 
Crassostrea 
virginica 

European flat TBTO 30 20 days Significant reduction in 0.01946 Thain and 
oyster (spat), growth Waldock 1985 
Ostrea edulis 

European flat 28.5-34.2 45 days Decreased growth 0.2392 Thain and 
oyster (spat), Waldock 1985; 
Ostrea edulis Thain 1986 

European flat 28.5-34.2 45 days 70% mortality 2.6 Thain and 
oyster (spat), Waldock 1985; 
Ostrea edulis Thain 1986 

European flat 20 days Reduced growth 0.02 Thain and 
oyster (spat), Waldock 1986 
Ostrea edulis 

European flat 28-34 75 days Complete inhibition oflarval 0.24 Thain 1986 
oyster (adult), production 
Ostrea edulis 

European flat 28-34 75 days Retardation of sex change 0.24 Thain 1986 
oyster (adult), from male to female 
Ostrea edulis 

European flat 28-34 75 days Prevented gonadal 2.6 Thain 1986 
oyster (adult), development 
Ostrea edulis 

European flat 56 days No effect on growth 0.157 Salazar et al. 
oyster 1987 
(140-280 mg), 
Ostrea edulis 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Native Pacific 56 days No effect on growth 0.157 Salazar et al. 
oyster 1987 
(100-300 mg), 
Ostrea luricla 

Quahog clam TBTO 14 days Reduced growth • ~.01O Laughlin et al. 
(embryo, larva), 1987;1988 
Mercenaria 
mercenaria 

Clam (adult), 110 days No effect on condition 0.204 Salazar et al. 
Macoma nasuta 1987 

Quahog clam TBTO 8 days Approx. 35% dead; reduced 0.6 Laughlin et al. 
(veligers), growth; 1987;1989 
Mercenaria • i.O !1glL 100 mortality 
mercenaria 

Quahog clam TBTO 25 days 100% mortality 10 Laughlin et al. 
(post larva), 1987;1989 
Mercenaria 
mercenaria 

Quahog clam TBTCI 18-22 48 hr Delayed development 0.77 Roberts 1987 
(larva), 
Mercenaria 
mercenaria 

Common Pacific TBTO 33-34 96 hr 100% survival • !.920 Salazar and 
Littleneck (adult), Salazar 1989 
Protothaca 
stamina 

Copepod TBT 10 72 hr LC50 0.5 Bushong et al. 
(subadult), 1988 
Eurytemora 
affinis 

Copepod TBT 10 72 hr LC50 0.6 Bushong et al. 
(subadult), 1988 
Eurytemora 
affinis 

Copepod, TBTO 6 days EC50 0.3893 Uren 1983 
Acartia tonsa 

Copepod (adult), TBTO 28 5 days Reduced egg production 0.010 Johansen and 
Acartia tonsa Mohlenberg 

1987 

Copepod TBTCI 1O-l2 9 days Reduced survival • ~.029 Bushong et al. 
(nauplii), 1990 
Acartia tonsa 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Copepod TBTCI 10-12 6 days Reduced survival; no effect 0.023 Bushong et al. 
(nauplii), 0.012 !1glL 1990 
Acartia tonsa 

Copepod TBTCI 10-12 6 days Reduced survival; no effect 0.024 Bushong et al. 
(nauplii), 0.010 !1glL 1990 
Acartia tonsa 

Copepod TBTCI 18 8 days Inhibition of development 0.003 Kusk and 
(nauplii), EC50 (survival) 0.015-0.020 Peterson 1997 
Acartia tonsa 

Amphipod (larva, TBTO 7 8wk 100% mortality 2.920 Laughlin et al. 
juvenile), 1984b 
Gammarus 
oceanicus 

Amphipod (larva, TBTF 7 8wk 100% mortality 2.816 Laughlin et al. 
juvenile), 1984b 
Gammarus 
oceanicus 

Amphipod (larva, TBTO 7 8wk Reduced survival and growth 0.2920 Laughlin et al. 
juvenile), 1984b 
Gammarus 
oceanicus 

Amphipod (larva, TBTF 7 8wk Reduced survival and 0.2816 Laughlin et al. 
juvenile), increased growth 1984b 
Gammarus 
oceanicus 

Amphipod, TBTCI 10 24 days No effect 0.579 Hall et al. 
Gammarus sp. 1988b 

Amphipod TBTO 30 9 days Approx. 80% mortality 9.732 Laughlin et al. 
(adult), 1982 
Orchestia 
traskiana 

Amphipod TBTF 30 9 days Approx. 90% mortality 9.732 Laughlin et al. 
(adult), 1982 
Orchestia 
traskiana 

Amphipod TBTCI 28.8-29.5 10 days BCF =41,200 0.48 Meador et al. 
(adult), (96%) (no plateau) 1993 
Eohaustorius 
estuarius 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Amphipod IBICI 32.7 10 days BCF = 60,300 109 Meador 1997 
(adult), (96%) (no plateau) 
Eohaustorius 
washingtonian us 

Amphipod IBICI 32.3 10 days BCF = 1,700 660 Meador 1997 
(adult), (96%) (no plateau) 
Rhepoxynius 
abronius 

Grass shrimp, IBIO 9.9-11.2 20 min No avoidance 30 Pinkney et al. 
Palaemonetes (95%) 1985 
pugio 

Grass shrimp, IBIO 20 14 days Ielson regeneration retarded; 0.1 Khan et al. 
Palaemonetes molting retarded 1993 
pugio 

Mud crab (larva), IBIO 15 15 days Reduced developmental rate 14.60 Laughlin et al. 
Rhithropanopeus and growth 1983 
harrisii 

Mud crab (larva), IBIS 15 15 days Reduced developmental rate 18.95 Laughlin et al. 
Rhithropanopeus and growth 1983 
harrisii 

Mud crab (larva), IBIO 15 15 days 63% mortality >24.33 Laughlin et al. 
Rhithropanopeus 1983 
harrisii 

Mud crab (larva), IBIS 15 15 days 74% mortality 28.43 Laughlin et al. 
Rhithropanopeus 1983 
harrisii 

Mud crab (zoea), IBIO 15 20 days LC50 13.0 Laughlin and 
Rhitropanopeus French 1989 
harrisii 

Mud crab (zoea), IBIO 15 40 days LC50 33.6 Laughlin and 
Rhithropanopeus French 1989 
harrisii 

Mud crab, TDIO 15 6 days DCf=24 for carapace 5.937 Evans and 
Rhithropanopeus Laughlin 1984 
harrisii 

Mud crab, IBIO 15 6 days BCF=6 for hepatopancreas 5.937 Evans and 
Rhithropanopeus Laughlin 1984 
harrisii 

Mud crab, IBIO 15 6 days BCF=0.6 for testes 5.937 Evans and 
Rhithropanopeus Laughlin 1984 
harrisii 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Mud crab, TBTO 15 6 days BCF=41 for gill tissue 5.937 Evans and 
Rhithropanopeus Laughlin 1984 
harrisii 

Mud crab, TBTO 15 6 days BCF=1.5 for chelae muscle 5.937 Evans and 
Rhithropanopeus Laughlin 1984 
harrisii 

Fiddler crab, TBTO 25 .!4 days Retarded limb regeneration 0.5 Weis et al. 
Uca pugilator and molting 1987a 

Fiddler crab, TBTO 25 3 weeks Reduced burrowing 0.5 Weis and 
Uca pugilator Perlmutter 

1987 

Fiddler crab, TBTO 25 7 days Limb malformation 0.5 Weis and Kim 
Uca pugilator 1988; Weis et 

al. 1987a 

Blue crab TBT 28 4 days EC50 (hatching) 0.047 Lee et al. 1996 
(6-8-day-old 
embryos), 
Callinectes 
sapidus 

Brittle star, TBTO 18-22 4wks Retarded arm regeneration • ~.1 Walsh et al. 
Ophioderma 1986a 
brevispina 

Atlantic TBTCI 10 28 days No effect 0.490 Hall et al. 
menhaden 1988b 
Guvenile), 
Brevoortia 
tyrannus 

Atlantic TBTO 9-11 Avoidance 5.437 Hall et al. 1984 
menhaden 
Guvenile), 
Brevoortia 
tyrannus 

Chinook salmon TBTO 28 96 hr BCF=4,300 for liver 1.49 Short and 
(adult), Thrower 
Oncorhynchus 1986a,1986c 
tshawytscha 

Chinook salmon TBTO 28 96 hr BCF=I,300 for brain 1.49 Short and 
(adult), Thrower 
Oncorhynchus 1986a,1986c 
tshawytscha 
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Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt Reference 

SALTWATER SPECIES 

Chinook salmon TBTO 28 96 hr BCF=200 for muscle 1.49 Short and 
(adult), Thrower 
Oncorhynchus 1986a,1986c 
tshawytscha 

Mummichog TBTO 2 6wks Gill pathology l7.2 Pinkney 1988; 
Guvenile), Pinkney et al. 
Fundulus 1989a 
heteroclitus 

Mummichog, TBTO 9.9-11.2 20 min Avoidance 3.7 Pinkney et al. 
Fundulus 1985 
heteroclitus 

Mummichog TBTO 25 10 days Teratotogy 30 Weis et al. 
(embryo), 1987b 
Fundulus 
heteroclitus 

Mummichog (5.3 TBTO 15 96 hr LC50 17.2 Pinkney et al. 
cm; l.8 g), (95%) 16-19.5 6wks NOEC 2.000 1989a 
Fundulus 
heteroclitus 

Inland silverside TBTCI 10 28 days Reduced growth 0.093 Hall et al. 
(larva), 1988b 
Menidia 
beryllina 

Three-spined TBTO 15-35 7.5mo 80% mortality (2 months) 10 Holm etal. 
stickleback (45- (painted Histological effects 2.5 1991 
60mm), panels) 
Gasterosteus 
aculeatus 

California 10 days Significantly enhanced 0.14-l.71 Newton et al. 
grullion growth and hatching success 1985 
(gamete through 
embryo), 
Leuresthes tenuis 

California 10 days Significantly enhanced 0.14-l.72 Newton et al. 
grullion growth and hatching success 1985 
(gamete through 
embryo), 
Leuresthes tenuis 

California 10 days 50% reduction in hatching 74 Newton et al. 
grullion success 1985 
(gamete through 
embryo), 
Leuresthes tenuis 

75 

NWMAR 117960 



Table 6. Other Data on Effects of Tributyltin on Aquatic Organisms (continued) 

Salinity Concentration 
Species Chemicala 

~ Duration Effect (!1g1Lt 

SALTWATER SPECIES 

California 10 days No adverse effect on 0.14-l.72 
grullion hatching success or growth 
(embryo), 
Leuresthes tenuis 

California 7 days Survival increased as 0.14-l.72 
grunion (larva), concentration increased 
Leuresthes tenuis 

Striped bass TBTO 9-11 Avoidance 24.9 
Guvenile), (95%) 
Marone saxatilis 

Striped bass TBT 130-15.0 14 NOEC (serum ion l.09 
Guvenile), (painted concentrations and enzyme 
Marone saxatilis panels) activity) 

Striped bass TBT 11-3.0 6 days NOEC 0.067; LOEC 0.766 
Guvenile), (painted l.9-3.0 7 days NOEC 0.444; LOEC 1.498 
Marone saxatilis panels) 12.2-14.5 7 days LOEC >0.514 

Speckled sanddab TBTO 33-34 96 hr LC50 18.5 
(adult), 
Citharichthys 
stigmaeus 

Stripped mullet TBTO 8wks BCF 3,000 (no plateau) 0.122 
(3.2 g); (96%) BCF 3,600 (no plateau) 0.106 
Mugil cephalus 

Starry flounder TBTCI 30.2 10 days BCF 8,700 (no plateau) 194 
( <I-year-old), (96%) 
Platichthys 
stellatus 

TBTA = tributyltin acetate; TBTCI = tributyltin chloride; TBTF = tributyltin fluoride; TBTO = tributyltin oxide; 
TBTS = tributyltin sulfide. Percent purity is given in parentheses when available. 

Reference 

Newton et al. 
1985 

Newton et al. 
1985 

Hall et al. 1984 

Pinkney et al. 
1989b 

Pinkney et al. 
1990 

Salazar and 
Salazar 1989 

Yamada and 
Takayanagi 
1992 

Meador 1997 

Concentration of the tributyltin cation, not the chemical. lfthe concentrations were not measured and the published results were 
not reported to be adjusted for purity, the published results were multiplied by the purity if it was reported to be less than 95%. 
The test organisms were exposed to leachate from panels coated with antifouling paint containing tributyltin. 
The test organisms were exposed to leachate from panels coated with antifouling paint containing a tributyltin polymer and 
cuprous oxide. Concentrations of TBT were measured and the authors provided data to demonstrate the similar toxicity of a pure 
TBT compound and the TBT from the paint formulation. 
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FOREWORD 

The purpose of this Toxicological Review is to provide the scientific support and 

rationale for the hazard identification and dose-response assessments in IRIS pertaining to 

chronic exposure to hexavalent chromium via ingestion. It is not intended to be a comprehensive 

treatise on the chemical or toxicological nature of hexavalent chromium. This document is a 

reassessment of the noncancer and cancer health effects associated with the oral route of 

exposure. A reassessment of the noncancer and cancer health effects of hexavalent chromium 

associated with the inhalation route of exposure will be conducted at a later date. 

Section 5, Dose-Response Assessments, is based largely on the work of four independent 

groups that have recently evaluated the toxicity of hexavalent chromium via ingestion: (1) U.S. 

EPA's Office of Pesticide Programs (OPP), (2) the New Jersey Department of Environmental 

Protection (NJDEP), (3) the California Environmental Protection Agency (CalEPA), and (4) the 

Agency for Toxic Substances and Disease Registry (ATSDR). Section 5.1 relies, in part, on 

work conducted by ATSDR and CalEPA, and the reference dose (RID) generally relies on 

ATSDR's analysis for chronic oral exposure to hexavalent chromium. Section 5.3 was 

developed, in part, based on work conducted by CalEPA and NJDEP, and the oral cancer slope 

factor (CSF) generally relies on NJDEP's analysis for cancer potency. 

The intent of Section 6, Major Conclusions in the Characterization of Hazard and Dose 

Response, is to present the major conclusions reached in the derivation of the reference dose, 

reference concentration and cancer assessment, where applicable, and to characterize the overall 

confidence in the quantitative and qualitative aspects of hazard and dose response by addressing 

the quality of data and related uncertainties. The discussion is intended to convey the limitations 

of the assessment and to aid and guide the risk assessor in the ensuing steps of the risk 

assessment process. 

For other general information about this assessment or other questions relating to IRIS, 

the reader is referred to EPA's IRIS Hotline at (202) 566-1676 (phone), (202) 566-1749 (fax), or 

hotline.iris@epa.gov (e-mail address). 
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1. INTRODUCTION 

This document presents background information and justification for the Integrated Risk 

Information System (IRIS) Summary of the hazard identification and dose-response assessments 

of ingested hexavalent chromium. IRIS Summaries may include oral reference dose (RID) and 

inhalation reference concentration (RfC) values for chronic and other exposure durations, and a 

carcinogenicity assessment. This Toxicological Review of Hexavalent Chromium provides 

documentation for oral toxicity values only (i.e., RID and oral cancer slope factor). A 

reassessment of the noncancer and cancer health effects of hexavalent chromium associated with 

the inhalation route of exposure will be conducted at a later date. 

The RID and RfC, if derived, provide quantitative information for use in risk assessments 

for health effects known or assumed to be produced through a nonlinear (presumed threshold) 

mode of action. The RID (expressed in units of mg/kg-day) is defined as an estimate (with 

uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human 

population (including sensitive subgroups) that is likely to be without an appreciable risk of 

deleterious effects during a lifetime. The inhalation RfC (expressed in units of mg/m3) is 

analogous to the oral RID, but provides a continuous inhalation exposure estimate. The 

inhalation RfC considers toxic effects for both the respiratory system (portal-of-entry) and for 

effects peripheral to the respiratory system (extrarespiratory or systemic effects). Reference 

values are generally derived for chronic exposures (up to a lifetime), but may also be derived for 

acute (:S24 hours), short-term (>24 hours up to 30 days), and subchronic (>30 days up to 10% of 

lifetime) exposure durations, all of which are derived based on an assumption of continuous 

exposure throughout the duration specified. Unless indicated otherwise, the RID and RfC are 

derived for chronic exposure durations. 

The carcinogenicity assessment provides information on the carcinogenic hazard 

potential of the substance in question and quantitative estimates of risk from oral and inhalation 

exposure may be derived. The information includes a weight-of-evidence judgment of the 

likelihood that the agent is a human carcinogen and the conditions under which the carcinogenic 

effects may be expressed. Quantitative risk estimates may be derived from the application of a 

low-dose extrapolation procedure. If derived, the oral slope factor is a plausible upper bound on 

the estimate of risk per mg/kg-day of oral exposure. Similarly, an inhalation unit risk is a 

plausible upper bound on the estimate of risk per ~g/m3 air breathed. 

Development of these hazard identification and dose-response assessments for hexavalent 

chromium has followed the general guidelines for risk assessment as set forth by the National 

Research Council (NRC, 1983). U.S. Environmental Protection Agency (U.S. EPA) Guidelines 

and Risk Assessment Forum Technical Panel Reports that may have been used in the 

development of this assessment include the following: Guidelines for the Health Risk 
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Assessment of Chemical Mixtures (U S. EPA, 1986a), Guidelines for Mutagenicity Risk 

Assessment (U S. EPA, 1986b), Recommendations for and Documentation of Biological Values 

for Use in Risk Assessment (US. EPA, 1988), Guidelinesfor Developmental Toxicity Risk 

Assessment (US. EPA, 1991), Interim Policy for Particle Size and Limit Concentration Issues in 

Inhalation Toxicity (U S. EPA, 1994a), Methods for Derivation of Inhalation Reference 

Concentrations and Application of Inhalation Dosimetry (U S. EPA, 1994b), Use of the 

Benchmark Dose Approach in Health Risk Assessment (U S. EPA, 1995), Guidelines for 

Reproductive Toxicity Risk Assessment (US. EPA, 1996), Guidelinesfor Neurotoxicity Risk 

Assessment (US. EPA, 1998), Science Policy Council Handbook: Risk Characterization (US. 

EP A, 2000a), Benchmark Dose Technical Guidance Document (U S. EPA, 2000b), 

Supplementary Guidance for Conducting Health Risk Assessment of Chemical Mixtures (US. 

EP A, 2000c), A Review of the Reference Dose and Reference Concentration Processes (U S. 

EPA, 2002), Guidelinesfor Carcinogen Risk Assessment (US. EPA, 2005a), Supplemental 

Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens (US. EPA, 

2005b), Science Policy Council Handbook: Peer Review (U S. EPA, 2006a), and A Framework 

for Assessing Health Risks of Environmental Exposures to Children (US. EPA, 2006b). 

The literature search strategy employed for this compound was based on the Chemical 

Abstracts Service Registry Number (CASRN) and at least one common name. Any pertinent 

scientific information submitted by the public to the IRIS Submission Desk was also considered 

in the development of this document. The relevant literature was reviewed through September 

2010. 
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2. CHEMICAL AND PHYSICAL INFORMATION 

This toxicological review restricts its focus to oral exposure to hexavalent chromium 

compounds. Hexavalent chromium compounds are a group of substances that contain chromium 

in the hexavalent or +6 oxidation state. Hexavalent chromium compounds discussed in this 

document include the following: chromium(VI) oxide, chromic acid, and selected salts of the 

chromate (CrOl-) and dichromate (Cr20l-) anions. 

This section discusses sources of chromium in the environment and the physicochemical 

properties of chromium compounds that determine their environmental bioaccessibility. It is 

recognized that the definition ofbioaccessibility and bioavailability has differed across 

disciplines and can cause confusion especially in a regulatory context (Semple et aI., 2004). For 

the purposes of this toxicological review, bioaccessibility is defined as the ability of chromium to 

be released (e.g., environmental solubilization and reduction or extracellular digestion and 

reduction) from the environmental matrix to which it is bound, i.e., the fraction of the dose 

ingested that becomes freely available for absorption via crossing a cellular membrane. As 

shown in Figure 2-1, this would encompass processes A through C. Key determinants of 

environmental bioaccessibility include the following: 1) type of contaminant, 2) contamination 

level, 3) type of soil, 4) pH of soil, 5) aging of soil, and 6) metal speciation. Processes that 

control the environmental chemistry of chromium include redox transformation, 

precipitation/dissolution, and adsorption/desorption reactions. 
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Figure 2-1. Definitions of bioaccessibility and biovailability used in this 
document. 
Processes that determine exposure to a contaminant include release of soil-bound contaminant (A), and 
subsequent transport (B), or transport of bound contaminant (C), uptake across a physiological membrane 
(D), and incorporation into a living system (E). For the purposes of this toxicological review, 
environmental and extracellular processes A through C are defined as bioaccessibility. Environmental 
bioaccessibility is discussed in this section. Extracellular bioaccessibility processes that also may occur 
within an organism, for example in the GI lumen, are discussed in Section 3 on toxicokinetics. Processes D 
and E, represented by the dashed lines, are defined as bioavailability and are also discussed in Section 3. 

Processes A through C can also occur internal to an organism, and the same determinants 

ofbioaccessibility function in that internal environment, e.g., pH in different sections of the 

gastrointestinal (GI) lumen. Both environmental and internal bioaccessibility processes are 

extracellular. For the purposes of this Toxicological Review, however, this latter internal, 

extracellular bioaccessibility is discussed in Section 3 on toxicokinetics. 

Bioavailability (processes D and E in Figure 2-1) is defined in this document as the 

potential for chromium to cross cellular boundaries, i.e., the degree to which it becomes available 

to the target tissue after administration. Key mechanisms ofbioavailability that determine 

internal tissue dose include the following: uptake through cell membranes, intracellular 
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distribution, and binding to cellular macromolecules. These bioavailability processes are also 

discussed in Section 3. The toxicodynamics of responses to that internal tissue dose are 

discussed in Section 4. 

2.1. ENVIRONMENTAL SOURCES AND OCCURRENCE 

Elemental chromium was first discovered and characterized by the French chemist 

Nicolas-Louis Vauquelin in Siberian red lead ore (crocoite) in 1797 (Katz and Salem, 1993; 

Costa and Klein, 2008). It is a naturally occurring element present in the earth's crust. 

Chromium ranks 21 st among elements in crustal abundance (Krausopf, 1979), and is found in 

virtually all phases including air, water, soil and biota (Losi et aI., 1994). The average chromium 

concentration in the continental crust has been commonly observed to range from 80 to 200 

mg/kg (NAS, 1974). 

The chromium content of soil is largely dependent on the parent materials, with an 

average reported as 40 mg/kg (Bertine and Goldberg, 1971). The average concentration of 

chromium in freshwater is 1.0 flglL (range: 0.1-6.0 flgIL), while the average concentration of 

chromium in seawater is 0.3 flg/L (range: 0.2-50 ugIL) (Bowen, 1979 as cited in Losi et aI., 

1994). Drainage water from contaminated areas may have higher concentrations. The aqueous 

concentrations of chromium and its mobility in different geologic environments are dependent on 

its oxidation state (Rai et aI., 1989). 

Hexavalent chromium compounds are well-known as laboratory reagents and as 

manufacturing intermediates. Selected industrial uses of hexavalent chromium compounds are 

provided in Table 2-1. The major industries using chromium are the metallurgical, chemical, 

and refractory brick industries (Langard, 1980 as cited in Losi et aI., 1994). Major uses of 

hexavalent chromium compounds include metal plating, manufacture of pigments and dyes, 

corrosion inhibitors, chemical synthesis, refractory production, leather tanning, and wood 

preservation (Blade et aI., 2007; Shanker et aI., 2005; Page and Loar, 2004). Sodium chromate, 

sodium dichromate, and chromium(VI) oxide are obtained directly from chromite ore through an 

oxidative alkaline roasting process (Anger et aI., 2005; Page and Loar, 2004). Sodium chromate 

and sodium dichromate are the starting materials for the production of most other chromium 

compounds (Anger et aI., 2005; Page and Loar, 2004). Hexavalent chromium compounds are 

classified as oxidizing agents (Anger et aI., 2005; Cotton et aI., 1999). Chromium(VI) oxide and 

ammonium dichromate can react explosively when brought into contact with organic materials 

(Lewis, 2007; O'Neil, 2006). 
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Table 2-1. Industrial uses of hexavalent chromium compounds 

Name Formula Uses 

Chromium oxide Cr203 Various metallurgical uses including production of 
ferroalloys used to make stainless steel and nonferrous 
alloys or superalloys, such as those used injet engines 

Barium oxide BaCr04 Pyrotechnics, high-temperature batteries 

Cadmium chromate CdCr04 Catalysts, pigments 

Cadmium dichromate CdCr207:H20 Metal finishing 

Calcium chromate CaCr04 Metal primers, corrosion inhibitors, high-temperature 
batteries 

Copper dichromate CuCr207:2H20 Wood preservatives, catalysts 

Magnesium chromate MgCr04:5H2O Corrosion inhibitor in photoengraving, ceramics 

Mercuric chromate HgCr04 Antifouling formulation 

Pyridine dichromate (CsHsNHh:Cr207 Photosensitizer in photoengraving, cermics 

Strontium chromate SrCr04 Corrosion-inhibiting pigment, plating additive 

Source: Hartford (YEAR) as cited in Nriagu (1988). 

Alloys with iron, nickel or cobalt are prepared from metallurgical grade ore (60% 2': 

chromic oxide) for use in the production of a wide variety of steels including stainless steel, 

austenite steel, and high-speed and high-temperature steels, and in other nonferrous alloys. The 

chemical industry generally uses a lower grade chromite ore (;::; 45% chromic oxide) to 

synthesize sodium chromate and dichromate from which most other chromium products are 

prepared, including products used in pigment manufacture, plating/metal finishing, corrosion 

inhibition, organic synthesis, leather tanning, and wood preservation. Other important 

anthropogenic sources of chromium in the environment include fuel combustion, cement 

production, and sewage sludge incineration/deposition (U.S. EPA, 1984). 

Chromated copper arsenate (CCA) wood preservatives to prevent fungal decay and 

infestations by wood-boring insects contain hexavalent chromium. The preservatives are used in 

the industrial vacuum-impregnation of timber and supplied as pastes or water-based concentrates 

that are diluted to between 1 and 10% w/w total salts (Cocker et aI., 2006). Wood preservatives 

such as CCA are regulated under the Control of Pesticide Regulations 1986, with only approved 

compounds placed on the market. Cocker et ai. (2006) showed that workers exposed to CCA 

wood preservatives have urinary chromium levels significantly higher than nonoccupationally 

exposed populations, but below occupational biological exposure indices for urinary chromium 

based on inhalation exposures. Balasoiu et ai. (2000) evaluated the influence of soil composition 

and physicochemical characteristics on the retention and partitioning of chromium in nine CCA 

artificially contaminated soils using a statistical mixture design to arrive at the different soil 

compositions. Sequential extraction and modified solvent extraction were used to assess the 

partitioning. Average metal retention in mineral soils was low (23%), but increased dramatically 
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in highly organic soils (78%). Levels of chromium in soluble or exchangeable form were very 

low in highly organic soils. Conversely, 18% of chromium in mineral soils was found in 

exchangeable form. Thus, chromium in moderately and highly organic contaminated soils was 

present in less mobile and less bioavailable forms; in mineral soils the labile fraction was higher. 

Food is also a major source of exposure to chromium. Daily oral intake rates for 

populations in the United Kingdom (UK.) were estimated by Rowbotham et al. (2000) for 

infants (1 year), children (11 years) and adults to be 33-45, 123-171, and 246-343 

~g/person/day, respectively. Plessi and Monzani (1990) showed that chromium content in whole 

cereals differed substantially and was mostly concentrated in pericarps. Variations occurred not 

only among different types of cereals, but also within cereals of the same type depending on the 

area of origin. Kumulainen (1991) showed that food processing may increase food chromium 

content, depending on the process. Processes such as meat grinding and homogenization using 

stainless-steel equipment increased the chromium content of foods. Acidic fruit juices in contact 

with steel cans are high in chromium as well. 

2.2. ENVIRONMENTAL CHEMISTRY, SPECIATION, AND BIOACCESSIBILITY 

Chromium is a first series transition element for group VIA on the periodic table. In its 

elemental form, it is a hard, white, lustrous, and brittle metal with a high melting point (2000°C) 

(Costa and Klein, 2006). Chemical structures and selected physical and chemical properties of 

selected hexavalent chromium compounds are presented in Table 2-2, and the standard potential 

for the oxidation-reduction equilibria among the valence states are summarized in Table 2-3. 
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Table 2-2. Physical properties of selected hexavalent chromium compounds 

Name Chromium (VI) oxidea Chromic acida,b Sodium chromate Sodium dichromate Sodium dichromate, dihydrate 

CASRN 1333-82-0 7738-94-5 (H2Cr04); 7775-11-3 10588-01-9 7789-12-0 
13530-68-2 (H2Cr207) 

Synonyms Chromium oxide; Chromic(VI) acid; chromium Sodium chromate(VI); Sodium dichromate(VI); Dichromic acid, disodium salt, 
(ChemID hexavalent chromium hydroxide oxide; dichromic acid chromium disodium sodium bichromate; dihydrate 
Plus, oxide; chromic (H2Cr20 7) oxide; disodium dichromic acid, disodium 
2008) trioxide; chromic chromate; rachromate; salt; bichromate of soda 

anhydride; chromic chromic acid, disodium 
acid anhydride (Anger salt; chromate of soda 
et al., 2005) 

Structure 0 0 0 0 2Na' [0 0 r 2Na'[ 00 r 2Na'[ 00 r (ChemID II II II II , // 0 .... " ".0 0 .... 6' 'C,O -2H 0 
Plus, O=Cr HO-Cr-OH HO-Cr-O-Cr-OH C~ pr, ",Cr " r,O'" J 2 

" II II II 0" '0 I 0 " 
2008) 0 0 0 0 o 0 o 0 

Molecular 99.994 (Lide, 2008) 118.010 (H2Cr04) (Lide, 2008); 161.974 (Lide, 2008) 261.968 (Lide, 2008) 297.999 (Lide, 2008) 
weight 218.001 (H2Cr207) (ChemID Plus) 

Molecular cr03 (ChemID Plus, H2Cr04; H2Cr207 (ChemID Plus, Na2Cr04 (ChemID Na2Cr207 (ChemID Plus, Na2Cr20702H20 (ChemID Plus, 
formula 2008) 2008) Plus, 2008) 2008) 2008) 

Form Dark red, deliquescent Exists only as an aqueous solution Yellow, orthorhombic Light brown to orange- Orange-red, monoclinic, 
bipyramidal prismatic (Lide, 2008); yellow to orange-red crystals (Anger et aI., red plates (Anger et al., translucent needles (Anger et aI., 
crystals, flakes, or (Anger et al., 2005) 2005) 2005) 2005) 
granular powder 
(O'Neil, 2006) 

Stability/ Deliquescent; Strong oxidizing agent (Anger et al., Hygroscopic (Anger et Strongly hygroscopic; Very hygroscopic, deliquesces 
reactivity decomposition begins 2005) aI., 2005) decomposes above 400°C in air; decomposes above 85°C; 

above 198°C (Anger et (Lide, 2008); strong strong oxidizing agent in acid 
aI., 2005); powerful oxidizing agent (Anger et solution (Lide, 2008; Anger et 
oxidizer (O'Neil, 2006) al.,2005) al.,2005) 

Melting 197°C (Lide, 2008) Not applicable 794°C (Lide, 2008) 357°C (Lide, 2008) Decomposes prior to melting 
point (Lide, 2008) 

Density 2.7 g!cm3 (Lide, 2008) Not applicable 2.72 g!cm3 (Lide, 2008) 2.52 g!cm3 (Anger et aI., 2.35 g!cm3 (Lide, 2008) 
2005) 

Water 169 g/100 g H20 at Not applicable 87.6 g/100 g H20 at 187 g/100 g H20 at 25°C 272.9 g/100 gH20 (73.18 wt%) 
solubility 25°C (Lide, 2008) 25°C (Lide, 2008) (Lide, 2008) at 20°C (Anger et al., 2005) 

Other Soluble in alcohol and Not applicable Slightly soluble in Not available Soluble in acetic acid (Lide, 
solubility mineral acids (Lewis, ethanol (Lide, 2008) 2008) 

2007) 
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Table 2-2. Physical properties of selected hexavalent chromium compounds 

Name Potassium chromate Potassium dichromate Calcium chromate Ammonium dichromate Zinc chromate Lead chromate 

CASRN 7789-00-6 7778-50-9 13765-19-0 7789-09-5 13530-65-9 7758-97-6 

Synonyms Potassium Potassium dichromate(VI); Calcium Ammonium bichromate; Zinc chromate(Vl) Lead chromate(Vl); 
(ChemID chromate(Vl); bichromate of potash; chromate(Vl); ammonium dichromate(VI); hydroxide; buttercup phoenicochroite; 
Plus, bipotassium chromate; potassium bichromate; calcium chrome diammonium dichromate; yellow; chromic plumbous 
2008) dipotassium chromate; dipotassium bichromate; yellow; calcium chromic acid, diammonium acid, zinc salt; zinc chromate; chromic 

chromate of potash; dipotassium dichromate; monochromate; salt chrome yellow; zinc acid, lead salt; 
tarapacaite; dipotassium dichromium gelbin; yellow teraoxychromate chrome yellow 
chromic acid, heptaoxide; lopezite; ultramarine; chromic (O'Neil, 2006) 
dipotassium salt dichromic acid, acid, calcium salt 

dipotassium salt 

Structure 

2K' [0 0 r 2K' [ 00 r Ca·' [0 0 r 2NH,· [ 00 r Zn+2 

[ O'rl r Pb·' [0 0 r (ChemID ' .". 0, " \\.0 , // 0, " \\.0 , // 

C~ pr,o .... cr C~ pr,o .... cr C~ Plus, 0/ '0 I \\ 0" '0 I \\ 0" '0 0" '0 
2008) 

o 0 o 0 

Molecular 194.191 (Lide, 2008) 294.185 (Lide, 2008) 156.07 (Lide, 2008) 252.065 (Lide, 2008) 181.403 (Lide, 323.2 (Lide, 2008) 
weight 2008) 

Molecular K2Cr04 (ChemID Plus, K2Cr207 (ChemID Plus, CaCr04 (ChemID (NH4hCr207 (ChemID Plus, ZnCr04 (ChemID PbCr04 (ChemID 
formula 2008) 2008) Plus, 2008) 2008) Plus, 2008) Plus, 2008) 

Form Lemon yellow prisms Tabular or prismatic, bright Yellow monoclinic Large, bright, orange-red Yellow prisms Yellow-orange 
(Anger et aI., 2005) orange-red triclinic crystals or rhombic crystals crystals (Anger et aI., 2005) (Lide, 2008) monoclinic crystals 

(Anger et aI., 2005) (O'Neil,2006) (Lide, 2008) 

Stability/ Nonhygroscopic Nonhygroscopic; Decomposes at Flammable; nonhygroscopic; Not available Not available 
reactivity (Anger et aI., 2005) decomposes at 500°C 1,000°C (Lide, decomposition begins upon 

(Anger et aI., 2005; Lide, 2008); oxidizing heating at 180°C (O'Neil, 
2008) agent (Lewis, 2007) 2006). Strong oxidizing agent, 

may explode in contact with 
organic materials (Lewis, 
2007) 

Melting 974°C (Lide, 2008) 398°C (Lide, 2008) Decomposes prior to Decomposes prior to melting 316°C (Lide, 2008) 844°C (Lide, 2008) 
point melting (Lide, 2008) (Lide, 2008) 

Density 2.73 g!cm3 (Lide, 2.68 g!cm3 (Lide, 2008) 3.12 g/cm3 (Angeret 2.155 g/cm3 (Lide, 2008) 3.40 g!cm3 (Lide, 6.12 g/cm3 (Lide, 
2008) al.,2005) 2008) 2008) 
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Table 2-2. Physical properties of selected hexavalent chromium compounds 

Name Potassium chromate Potassium dichromate Calcium chromate Ammonium dichromate Zinc chromate Lead chromate 

Water 65.0 g/lOO g H20 at 15.1 gllOO g H20 at 25DC 4.5 gllOO g H2O 35.6 gllOO g H20 at 20DC 3.08 g/lOO g H2O 0.000017 g/lOO g 
solubility 25DC (Lide, 2008) (Lide, 2008) (4.3 wt%) at ODC (Lide, 2008) (Lide, 2008) H20 at 20DC (Lide, 

(Anger et aI., 2005) 2008) 

Other Insoluble in alcohol Insoluble in alcohol Soluble in dilute Soluble in alcohol (Lewis, Dissolves readily in Insoluble in acetic 
solubility (O'Neil, 2006) (Lewis, 2007) acids; practically 2007) acids (Anger et al., acid; soluble in 

insoluble in alcohol 2005); insoluble in solutions offixed 
(O'Neil, 2006) acetone (Lide, 2008) alkali hydroxides; 

soluble in dilute 
nitric acid (O'Neil, 
2006) 

aChromic acid is formed in aqueous solution when chromium(VI) oxide is dissolved in water; it cannot be isolated as a pure compound out of solution (Anger et 
aI., 2005; Page and Loar, 2004). The term chromic acid is sometimes used in reference to chromium(VI) oxide; however, it should be noted that there is a 
structural difference between the anhydrous substance chromium(VI) oxide and the aqueous chromic acid that forms when the oxide is dissolved in water. 
bChromic acid exists in solution as both H2Cr04 andH2Cr207 (Anger et aI., 2005; Page and Loar, 2004; Cotton et aI., 1999). H2Cr04 is the main species in basic 
solutions (pH >6) while H2Cr207 is the main species in strongly acidic solutions (pH <1) (Anger et aI., 2005; Page and Loar, 2004; Cotton et al., 1999). Both 
species are present in equilibrium in solutions that have a pH value between 2 and 6 (Anger et aI., 2005; Page and Loar, 2004; Cotton et aI., 1999). 
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Table 2-3. Standard potentials for oxidation-reduction equilibria among 
chromium valence states 

Half-cell reaction EO (V) 

Cr20? + H20 + 2e- -7 2crOl + 2H+ 0.55 

Cr20? + 6H+ + 4e- -7 2Cr02 + 3H2O 0.95 

Cr20? + 14H+ + 6e- -7 2C?+ + 7H2O 1.38 

crOl + 4H+ + e- -7 cr02 + 2H2O 1.34 

CrO~3- + 8H+ + 2e- -7 C?+ + 4H2O 1.72 

cr02 + 4H+ + e- -7 Cr3+ + 2H2O 2.10 
C?+ + e- -7 C?+ -0.42 

Cr3+ + 3e- -7 Cr -0.74 

C?+ + 2e- -7 Cr -0.90 

crOl + 4H20 + 3e- -7 [Cr(OH)4r + 40R -0.72 

crOl + 4H20 + 3e- -7 Cr(OH)3 + 50R -0.11 

[Cr(OH)4r + 3e- -7 Cr + 40R -1.33 

Cr(OH)3 + 3e- -7 Cr + 30R -1.33 

Source: Ernsley (1989) as cited in Katz and Salem (1993). 

Change 

VIto V 

VI to IV 

VI to III 

VtoIV 

V to III 

IV to III 

III to II 

III to 0 

II to 0 

VI to III 

VI to III 

III to 0 

III to 0 

The environmental chemistry of chromium is complex. Figure 2-2 illustrates the possible 

fates of chromium in soil/water systems. Chromium is known to undergo various chemical and 

biological reactions in natural systems that govern its speciation, and in tum, environmental 

behavior. Important reactions include oxidation/reduction, precipation/dissolution, and 

adsorption/desorption. Both oxidation of Cr(IlI) and reduction of Cr(VI) can occur in geologic 

and aquatic environments. Hexavalent chromium is a strong oxidizing agent and is readily 

reduced in the presence of appropriate electron donors as shown here: 

(2-1) 
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Chromium Contamination 

Leachate 

Oxidation " 
or Reduction 

Reactions 

(~ or t? Dissolution 

Porewater 
Cr(lll) 
Cr(VI) 

• 
Predicted Cr(lll) and Cr(VI) Concentrations 

Source: Adapted from Rai et ai. (1989). 

Figure 2-2. Schematic of possible reaction processes (grey ovals) that 
determine disposition and speciation of chromium contamination in the 
environment. 

or 
Desorption 

Chromium is a redox active soil contaminant with dramatic alterations in its mobility and 

toxicity with changes in oxidation state (Fendorf et aI., 2004; Rai et aI., 1989). Chromium can 

exist in oxidation states ranging from -2 to +6, but only +3 and +6 are typically found within the 

range of pH and redox potential common in environmental systems (Shupack, 1991). Figure 2-3 

depicts a generalized scheme of equilibrium potentials versus pH for chromium. 
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1.2 

Figure 2-3. Stability diagram showing aqueous speciation of chromium at 
various equilibrium potential (Eh, volts) and pH. 

Hexavalent chromium is a strong oxidizer and as a result, exists only in oxygenated 

species that are very soluble and pH-dependent according to the following equilibria (Nieboer 

and Jusys, 1988 as cited in Losi et aI., 1994): 

(2-2) 

(2-3) 

Neuss and Rieman (YEAR, as cited in Katz and Salem, 1993) evaluated the acid 

functions and arrived at Ka1 and Ka2 values of 1.8 x 10-1 and 3.2 x 10-7
. From equations (2-2) and 

(2-3) it can be observed that at very low pH values (pH < 1), H2Cr04 is the predominant species, 

while between pH 0 and 5.9, the HCr04- and Cr20i- anions prevail (Shupack, 1991). At pH 6 or 

above, Cr042- prevails. Thus, H2Cr04 and Cr042- should be most abundant in natural systems. 
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Further, at concentrations greater than O.OIM (520 mg/L) dimerization of the chromate 

ion occurs which yields the dichromate ion (Whitten and Gailey, 1984 as cited in Losi et aI., 

1994): 

K = 10146 
c (2-4) 

(2-5) 

This reaction is pH sensitive as well, with dichromate favored at lower pH (Losi et aI., 1994). 

Solving equation (2-4) using values for chromate concentration and pH that would likely be 

encountered in contaminated groundwater (5.2 mglL and 7.0), the ratio of dichromate to 

chromate would be 0.04. Thus, hexavalent chromium chemistry in environmental systems is 

largely confined to that of the chromate anion. 

Speciation of hexavalent (CrVI) and trivalent (CrIll) chromium will generally depend on 

a variety of environmental parameters including: pH, concentration, and the ligands available in 

the matrices (Katz, 1991). In most natural systems, Cr(VI) will be present as CrOi- and major 

trivalent species may include hydroxides and various organic complexes (Losi et aI., 1994). The 

acid anhydride Cr03 and acid chloride Cr02CI2, and a wide variety of metal chromates MCr04 

and metal dichromates MCr207 are typical hexavalant compounds (Katz and Salem, 1993). 

Chromium(VI) may also form other species, including HCr207- and CrOi-, but their formation 

requires Cr(VI) concentrations> 1 0-2 M, which are not found commonly in natural waters (Baes 

and Mesmer, 1986 as cited in Rai et aI., 1989). 

Natural occurrence of hexavalent chromium is rare as it is readily reduced by organic 

matter in the environment (Ashley et aI., 2003; Barceloux, 1999; U.S. EPA, 1984). Industrial 

releases of hexavalent chromium compounds to surface water and soil can result in the transport 

and leaching of these substances into groundwater, provided these substances remain under 

oxidizing conditions (Loyuax-Lawniczak et aI., 2001; Pellerin and Booker, 2000; James et aI., 

1997). Hexavalent chromium compounds released to the environment by anthropogenic sources 

may persist in natural waters and soils that contain low amounts of organic matter (Johnson et 

aI., 2006; Loyaux-Lawniczak et aI., 2001; U.S. EPA, 1984). Hexavalent chromium compounds 

are considered to be more soluble in water and have greater mobility in soil than other types of 

chromium compounds (Loyuax-Lawniczak et aI., 2001; James et aI., 1997). 

Whereas reduction of Cr(VI) is likely to occur in environmental systems, oxidation of 

Cr(IlI) is not frequently observed with the exception of some oxidation in the presence ofMn4
+ 

(Losi et aI., 1994). Thus, Cr(IlI) is considered more stable in most natural systems. Trivalent 
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chromium is also less mobile than Cr(VI) in most soil/water systems due to its relative 

insolubility at relevant pH values (>5). 

Consideration of these environmental chemistry factors determining speciation, 

solubility, and mobility are of critical importance in assessing potential environmental hazards, 

relevance of available risk estimates, and remediation strategies for sites with high levels of 

chromium. The behavior of both hexavalent and trivalent chromium and the interconversion 

between these forms must be understood when attempting to characterize bioaccessibility and 

environmental contamination with chromium. Further, accurate data for describing the dominant 

reactions in each process must be available for characterization of a particular site (Rai et aI., 

1989). 

2.3. ANALYTICAL METHODS 

Analysis of chromium in either environmental or biological samples must consider the 

thermodynamic stability of each oxidation state as a function of pH and the kind of species, i.e., 

the anions, cations, and polymeric ions that can form for each oxidation state as a function of the 

sample such as pH, lability, equilibria, temperature, and the presence of other oxidants and 

reductants (Katz, 1991; Shupack, 1991). Metal speciation is important because the 

biogeochemical behavior, environmental mobility, bioaccessibility, bioavailability, and 

subsequent toxicity all depend on it (Fytianos, 2001). Thus, the level of detection and the ability 

to detect speciation versus total chrome in various environmental and biological compartments is 

a critical consideration when evaluating the relevance and reliability of any given environmental 

or toxicological data. While the topic is discussed briefly in this section with respect to 

environmental bioaccessibility, it is equally relevant to discussions on bioavailability and to 

considerations of experimental design in the toxicological studies in subsequent sections. 

Attention should also be paid to the limit of detection (LOD) for the analytical method used. 

Due to its redox sensitivity described above, any attempt at analysis of samples of soil 

and water for chromium content should address speciation as a goal, especially due to the 

differences in toxicity between Cr(VI) and Cr(IlI) compounds. Critical considerations include 

sample treatment and storage, extraction, and preparation in the case of soils, and the actual 

analytical method used. Analysis of chromium in soils and sediments is a special challenge. It is 

important that samples be field-moist, sieved (4 mm), well-mixed and stored at 4°C (Bartlett, 

1991 as cited in Losi et aI., 1994). Quality assurance and quality control exercises are also 

recommended (Katz, 1991). 

Approximate limits of detection for several analytical methods commonly used for 

chromium are provided in Table 2-4. While quantification of chromium in certain biological 

compartments may require extremely sensitive detection methodology (see below), analysis of 

chromium in environmental samples is typically done by either atomic absorption spectrometry 

(AAS) and inductively coupled plasma (ICP) spectrometry for total chromium, and colorimetry 
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(diphenylcarbazide method) and high-performance liquid chromatography (HPLC) for 

quantifying Cr(VI). The difference between the total chromium and Cr(VI) measurements is 

assumed to be Cr(III). All of these methods are subject to interferences that must be evaluated 

through the use of appropriate matrix spikes. Comparative discussions across studies must take 

into account differences in analytical LOD and speciation. Further, translation of dose-response 

estimates based on speciated chromium concentrations must be rectified with the sampling 

methods used for exposure assessment as part of risk characterization and management efforts. 

Vitale et ai. (1997) have reviewed the challenges of chromium speciation as it relates to several 

of the most current recommended EPA methods, including EPA Method 218.6 for water and 

SW -846 methods for soils, sediments, and wastes. 

Table 2-4. Detection limits for methods commonly used in the analysis of 
chromium in water and soil extracts 

Method 

Flame atomic absorption spectrometry 

Graphite furnace atomic absorption spectrometry 

Inductively coupled plasma mass spectrometry 

Colorimetric (diphenylcarbazide) 

High-performance liquid chromatography (single-
colullUl ion-chromatography 

aBartlett (YEAR), see Gochfeld (1991) 
~ehra and Frankenberger (1989) 
cMISSING 

Source: Losi et al. (1994). 

Species detected 

Total chromium 

Total chromium 

Total chromium 

Cr(VI) 

Cr(VI) 

Approximate detection limit 
(J.tgIL) 

500a 

l a 

6-lOa 

50b 

92c 

Chromium in biological samples traditionally has been determined by graphite furnace 

atomic absorption spectrometry, neutron activation analysis, or inductively coupled plasma 

optical emission spectrometry (ICP-OES). More recently, inductively coupled plasma mass 

spectrometry (ICP-MS) has become popular as a method due to its low detection limits and 

multi-element analysis capabilities. Levine et ai. (2007) developed and validated an ICP-MS 

method after a rapid, open-vessel microwave digestion, to determine total chromium in the 

tissues of the F344 rats used in the National Toxicology Program (NTP) studies of orally 

ingested sodium dichromate dihydrate and chromium picolinate monohydrate described in (see 

Sections 4 and 5). Performance of the method was evaluated using kidney tissue across a range 

of 0.50 to 5.00 Ilg Cr/g tissue. Feces samples were analyzed by ICP-OES because of the 

relatively high levels of chromium in this matrix (Levine et aI., 2007). Matrix recovery for the 

ICP-MS method ranged from 76.6 to 103%; mean recovery was 97.4%. Percent relative 

standard deviations for both intra- and inter-assay preparations ranged from 0.88 to 13%. The 

LOD, calculated as three times the SD of these matrix samples, was determined to be 0.01 ng/L, 
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equivalent to 0.02 Ilg Cr/g kidney tissue. Cross-validation with B6C3F 1 mouse kidney tissue 

was also demonstrated. 

Because a majority of absorbed chromium is excreted in the urine, occupational 

biomonitoring of urinary concentrations of water soluble chromium compounds (as total 

chromium) has been successfully used to assess whether significant inhalation exposure to 

chromium has occurred (ACGlli, 2004). The New Jersey Department of Health (NJDOH) has 

also suggested that urinary chromium concentrations might serve as a useful indicator of 

environmental exposures, but an expert panel cited concerns for differentiating environmental 

contributions from dietary sources (Anderson et aI., 1993). Food known to contain moderate 

levels of Cr(IlI) include breads, cereals, spices, fresh vegetables, meat, fish, vitamin 

supplements, Brewer's yeast, and beer (Gargas et aI., 1994), and although comparison of urinary 

chromium concentration to the administered dose (exposure) provides an estimate of the amount 

of chromium systemically absorbed, it does not provide an indication of the valence state in 

which it was absorbed. Therefore, elevated urinary chromium levels should be carefully 

considered and may be misleading if interpreted as a biomarker for Cr(VI) exposure or toxicity 

(Kerger et aI., 1996a). Typical background urinary chromium concentrations vary from ;:::;0.24 to 

1.8 Ilg Cr/L in healthy individuals (IARC, 1990). 

Atomic absorption spectrometry with a graphite furnace is currently recommended for 

urinary biomonitoring programs (Paustenbach et aI., 1997). Guidelines developed by Veillon et 

ai. (1982) show that a LOD of 0.05 Ilg/L is achievable for undiluted samples using this method, 

whereas commercial laboratories typically report a LOD of 0.2 Ilg/L. As with other 

biomonitoring evaluations, controlling for confounding variables is essential to be able to 

understand their correlation with physiological effects. Confounding variables specifically 

associated with elevated urinary chromium levels include diet, regular exercise, smoking habits, 

beer consumption, past employment in chromium-related occupations, and health status 

(Paustenbach et aI., 1997). Pregnancy and stress have been shown to enhance losses of 

chromium (Anderson et aI., 1989), and diabetics typically show chromium levels twofold higher 

than nondiabetics (Bukowski et aI., 1991). 

In addition to urinary biomonitoring, other biological matrices have been used to measure 

recent chromium exposures, including whole blood, plasma, and hair (IARC, 1990). 

Concentration of total chromium in RBCs is considered to be a more specific biomarker for 

characterizing recent exposure to Cr(VI) (Korallus, 1986; Lewalter et aI., 1985). The 

biochemistry of chromium inside cells is discussed in Section 3. 

Factors to be considered when implementing a monitoring program or when evaluating 

results of studies using these matrices include the species of exposure, duration and dose of 

exposure, and the analytical techniques and achievable LOD. Advantages and disadvantages are 

associated with measuring chromium in each matrix and should be considered carefully, 

especially when evaluating the dose-response behavior of different exposures and dosing 
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regimens across various toxicological studies. Negative and positive attributes of each 

biomonitoring technique are provided in Table 2-5. 

Table 2-5. Biomonitoring options for assessing chromium exposure 

Biological matrix Advantages Disadvantages 

Urine Easy sample collection, noninvasive, can Samples easily contaminated, difficulty in 
evaluate high-level recent (within 48- distinguishing Cr levels from background, 
hour) occupational exposure, good analytical limit of detection of 0.2 !1glL (typical 
correlation for inhalation exposuresa background range), inability to distinguish between 

Cr(IlI) and Cr(VI) exposure, seriously affected by 
confounding variablesb 

Red blood cell (RBC) Chromium detected up to 120 days Invasive technique, trained professionals required 
(lifetime of RBC) following exposure, to collect samples, collection and analysis without 
Cr(IlI) and Cr(VI) can be differentiated, contamination are difficult, costly to study large 
analytical limit of detection of 0.09 !1g!L populations 
blood, good correlation for Cr(VI) oral 
and inhalation exposures;c Cr(VI) 
exposures may be identified 120 days post 
exposure. 

White blood cell (WBC) Animal studies show good correlation to Does not accumulate Cr(III), invasive technique, 
Cr(VI) via oral and intravenous (i.v.) trained professionals required to collect samples, 
exposure, accumulates Cr(V) exclusively, difficult to study large populations 
accumulates Cr(VI) to a greater extent 
thanRBCd 

Plasma Only Cr(IlI) confined to plasma Cr(VI) only detected up to 2 hours following 
compartmente exposure, reduction of Cr(VI) in plasma is 

significant, invasive technique, trained 
professionals required to collect samples, difficult 
to study large populationse 

Hair Easy sample collection, noninvasive, Can not distinguish between Cr(IlI) and Cr(VI) 
occupational exposure to Cr(VI) [in the exposure, inability to correlate time of exposuref 

absence of Cr(III)] via inhalation has been 
correlatedf 

aMutti et al. (1979) and Tola et al. (1977) as cited in Paustenbach et al. (1997); b Anderson (1983), Gargas et al. (1994), 
and Wiegand et al. (1988) as cited in Paustenbach et al. (1997); cGray and Sterling (1950), Wiegand et al. (1988), and 
Kerger et al. (1996) as cited in Paustenbach et al. (1997); dCoogan et al. (1991) as cited in Paustenbach et al. (1997); 
eWiegand et al. (1988) as cited in Paustenbach et al. (1997); fSaner et al. (1984) as cited in Paustenbach et al. (1997). 

Source: Paustenbach et al. (1997) 
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3. TOXICOKINETICS 

The internal environment of the GI tract, similar to the external environment discussed in 

Section 2, can also affect the digestion, solubilization, and speciation of chromium compounds, 

and thus impact their internal bioaccessibility (defined as the ability of chromium to be released 

from the environmental matrix to which it is bound, i.e., the fraction of the dose ingested that 

becomes freely available for absorption via crossing a cellular membrane), bioavailability 

(defined as the potential for chromium to cross cellular boundaries, i.e., the degree to which it 

becomes available to the target tissue after administration), and toxicokinetics within the body. 

This section of the toxicological review discusses key determinants of these internal processes, 

and why insights into how these processes vary across species and tissues are a critical 

consideration for the mode of carcinogenic action of hexavalent chromium, Cr(VI). 

As depicted in Figure 2-1 in the previous section, both environmental and internal 

bioaccessibility processes are extracellular. Section 3.1 will discuss those physiological 

processes, internal to the organism (but still extracellular), that impact bioaccessibility. 

Bioavailability (processes D and E in Figure 2-1) will be discussed in Section 3.2. The available 

data on the biochemistry of intracellular reactions involving chromium will be summarized in 

Section 3.3. In Section 3.4, the impact ofbioaccessibility and bioavailability on the toxicokinetic 

component of the cancer mode of action for Cr(VI) will be discussed. These toxicokinetic 

considerations are an important aspect of the mode of action and provide insights into the 

evaluation of the tissue responses discussed in Section 4. Section 3.5 includes an evaluation and 

discussion of available model structures to describe internal dosimetry of Cr(VI). Finally, 

considerations of chromium essentiality versus toxicity are discussed in Section 3.6. 

3.1. BIOACCESSIBILITY OF INGESTED HEXAVALENT CHROMIUM 

3.1.1. In Vitro and Ex Vivo Studies of Bioaccessibility 

A variety of in vitro and ex vivo studies have attempted to estimate the extent of 

reduction of Cr(VI) to Cr(IlI) that is achieved in the GI lumen. The in vitro studies typically 

develop surrogate formulations of physiological fluids, such as gastric juices, or employ different 

beverages or diets in order to evaluate their reductive potential. Ex vivo studies of 

bioaccessibility, on the other hand, evaluate the reductive potential of actual samples of saliva or 

gastric juices. 

Gammelgaard et al. (1999) used an artificial gastric juice to evaluate the degree of 

reduction of Cr(IlI) inorganic compounds, chromium (III) picolinate, and hexavalent chromium, 

Cr(VI). The artificial gastric juice was prepared from 2.0 g sodium chloride and 3.2 g pepsin 

(1: 10,000) dissolved in 4 ml of concentrated hydrochloric acid, diluted to 1 L with Milli-q water 

with the pH adjusted to 1.2 with hydrochloric acid (HCI). All analyses were performed in 
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duplicate using atomic absorption spectrometry. The vessel volume was 1 L and the surrounding 

water bath was kept constant at 37 ± 0.5 0 C. A volume of900 ml of this artificial gastric juice 

was added to potassium dichromate for an initial concentration of 100 IlglL and the Cr(VI) 

concentration was observed for 4 hours. Chromium picolinate at a concentration of 100 IlglL 

was studied in a similar fashion; experiments were repeated six times. Simultaneous 

determination of Cr(VI) and Cr(IlI) was performed by ion chromatography with 

chemiluminescence; the detection limit for both Cr(IlI) and Cr(VI) was 0.1 Ilg/L. The conversion 

of Cr(VI) to Cr(IlI) in gastric juice followed first-order kinetics and a half-life (t1l2) of 23 

minutes was calculated. In contrast, the organic chromium picolinate was unchanged. 

Donaldson and Barreras (1966) performed ex vivo studies using everted sections of 

female albino rat intestine. Post sacrifice, the intestines were immediately lavaged in situ with 

saline, everted on glass rods, and cut into 1/8-inch sections. Rings from the proximal half of the 

bowel were randomly distributed in Erlenmeyer flasks containing a range of concentrations (0.1 

to 5.0 Ilg/ml) of either trivalent Cr51 Cb or hexavalent Na2Cr51 04 in 10 ml of Krebs-Ringer 

bicarbonate solution. Incubations were conducted for 60 minutes at 95%02:5%C02. Tissues 

were then rinsed and digested with H2S04 prior to assay for radioactivity. In vitro intestinal 

uptake of the hexavalent Na2Cr51 04 was linear over the concentration range and significantly 

greater than uptake of the trivalent Cr51 Cb. 

The effect of gastric juice composition on uptake in these GI tissue samples was 

investigated by mixing 25 Ilg of the labeled chromium compounds with 8 ml of either 0.1 N HCI, 

human gastric juice (pH 1.4), or previously neutralized gastric juice (Donaldson and Barrera, 

1966). After 30 minutes of incubation at room temperature, these mixtures were neutralized (to 

pH 7.0) with 0.1 N NaOH and diluted to 25 ml with NaCl. Everted intestinal rings were then 

incubated as described previously with 10 ml of the neutralized mixture and 1 1lg/1 of either 

labeled chromium compound. To determine the proportion of the radioactivity bound to gastric 

juice macromolecules, duplicate 5-ml aliquots were dialyzed in Viking cellulose bags against 

repeated changes ofNaCI for 48 hours. Results for these studies are shown in Table 3-1. 
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Table 3-1. Effect of gastric juice composition on binding and in vitro 
uptake by rat intestinal rings of trivalent (Cr51Ch) or hexavalent 
(Na2Cr5104 ) radiolabeled chromium compounds 

Binding by Uptake 
gastric juice by intestinal rings 

Tissue preparation (J.tglml) 1 {J.tglgm)l 

Trivalent Cr51 Cl3 without gastric juice - 0.9 ± 0.1 
Plus gastric juice pH 7.0 1.8 ± 0.2 0.2 ± 0.1 
Plus gastric juice pH 1.4 2.0±0.2 0.2 ± 0.1 

Hexavalent Na2Cr5104 without gastric juice - 2.7 ± 0.4 
Plus gastric juice pH 7.0 O.O±O.O 2.5 ± 0.3 
Plus gastric juice pH 1.4 1.4 ± 0.2 0.8±0.3 

1 Mean result of 4 experiments ± SD 

Source: Donaldson and Barrera (1966). 

DeFlora and collaborators (DeFlora et aI., 1997; DeFlora and Wetterhahn, 1989; De Flora 

et aI., 1987; Petrilli and DeFlora, 1982) performed a series of studies to estimate the ability of 

various human physiological fluids and tissues to reduce or sequester Cr(VI). The summary data 

shown in Table 3-2 and depicted in Figure 3-1 represent a synthesis of data from studies in that 

laboratory with anatomical and physiological parameters as described in detail in the source 

reference (DeFlora et aI., 1997). These parameters were used to arrive at estimates of the overall 

Cr(VI) reducing or sequestering capacity of human body compartments relative to oral and 

inhalation exposures. The general term "sequestration" was used to connote when intact cells 

were tested and the term "reduction" was used when cell homogenates or their subfractions were 

tested in the presence of an exogenous NADPH-generating system, an S9 mix. Estimates of 

overall Cr(VI) reducing or sequestering capacity were calculated by multiplying the specific 

reducing activity of a given organ, cell population, or fluid expressed as Ilg Cr(VI) reduced per 

unit of weight, volume, or number, by the average content of the same organ, cell population, or 

fluid in the human body (De Flora et aI., 1997). De Flora (2000) proposed that these reduction 

capacities account for the limited toxicity for Cr(VI) after oral ingestion due to efficient 

detoxication by saliva, gastric juice and intestinal bacteria; similarly, lung cancer is only induced 

when Cr(VI) doses overwhelm the reductive capacity of the fluid of the epithelial lining, 

pulmonary alveolar macrophages, and bronchial tree and peripheral lung parenchyma cells. De 

Flora (2000) also suggested that efficient uptake and reduction of Cr(VI) in RBC explains the 

lack of carcinogenicity at sites remote to the portal of entry. 
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Source: De Flora et al. (1997). 

BACTERIA 
rug Cr(VI) eliminated 

with bacteria in feces] 

Figure 3-1. Estimates of Cr(VI) sequestration or reduction by organs, cell populations and 
fluids in the human body relevant to portal of entry uptake or effects on remote 
distribution kinetics. See Table 3-2 and text for details on calculations. 
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Table 3-2. Estimates of the overall chromium(VI) reducing capacity of human fluids, cells and tissues 

Organ, cell Weight of organs, Chromium(V1) Overall chromium(VI) reducing 
population, or body number/weight/volume of cells, reduction or sequestration or sequestering capacity per 

fluid or volume of body fluid (mean± SD) individual 

Saliva 500-1500 ml/day 1.4 ± 0.2 !1g/ml 0.7-2.1 mg/day 

Gastric juice 1000-15000 ml/day (fasting) 8.3 ± 4.3 !1g/ml 8.3-12.5 mg/day during 
interdigestive periods 

+ 800 ml/meal 31.4 ± 6.7 !1g/ml + 25.1 mg/meal 
3400-3900 ml/day (3 meals) 84-88 mg/day (3 meals) 

Intestinal bacteria 2.9-6.3 g eliminated daily with feces 3.8 ± 1.7 !1g/109 bacteria 11-24 mg eliminated daily with feces 

Liver 1500 g 2.2 ± 0.9 mg/g liver homogenate 3300 mg 

Whole blood 4490 ml (males) 52.1 ± 5.9 !1g/ml 234 mg (males) 
3600 ml (females) intact blood 187 mg (females) 

Red blood cells (RBC) 2030 ml (males) 63.4 ± 8.1 !1g/ml 128 mg (males) 
1470 (females) RBC lysate soluble fraction 93 mg (females) 

Epithelial lining fluid 37.5-75 ml 23.7 ± 15.9 !1g/ml 0.9-1.8 mg 
(ELF) 

Pulmonary alveolar 23 x 109 PAM 4.4 ± 3.9 !1g/106 PAM 136mg 
macrophages (PAM) S9 fraction 

Peripheral lung 1300 g 0.2 ± 0.07 mg/g lung 260mg 
parenchyma S12 fraction 

Source: De Flora et al. (1997). 
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It should be noted, however, that because of the ability of many organic molecules to 

reduce Cr(VI) in highly acidic solutions, the values reported by DeFlora and colleagues (DeFlora 

et aI., 1997; DeFlora, 2000) should be considered with some caution. The DeFlora studies relied 

on the direct measurements of residual Cr(VI) in the calorimetric reaction with 

diphenylcarbazide in the presence of 8% sulfuric acid, conditions that likely overestimated the 

reducing capacities of these biological systems (Zhitkovich, 2005). More accurate 

determinations of Cr(VI) reductive activities require the removal of organic molecules by 

charcoal or other means prior to the addition of the reagent. 

3.1.2. In Vivo Studies of Bioaccessibility 

Donaldson and Barreras (1966) also performed in vivo studies ofbioaccessibility in both 

female albino rats and human volunteers. Female albino rats were fasted overnight and then 

administered 1 ng of either radiolabeled trivalent Cr51Ch or hexavalent Na2Cr51 04 in 1 ml 0.9% 

saline with an internal standard spike. Feces and urine were collected separately in individual 

metabolic cages for 7 days post dosing. Excretion was expressed as percentage of administered 

activity. Two weeks later, 1 ng of either radiolabeled trivalent Cr51Ch or hexavalent Na2Cr51 04 

in 1 ml 0.9% saline was injected in anesthesized rats through a laparoscopic incision into the 

lumen of the j ejunem near the ligament of Treitz. The intestine proximal to the incision site was 

compressed to prevent retrograde flow of the fluid. Rats were allowed to recover and urine and 

feces collected as previously described. Fecal recovery of both forms of chromium was nearly 

complete after oral administration in water (98 ± 4.2%, for Cr51Ch and 97.7 ± 2.5% for 

Na2Cr5104); whereas urinary recovery was 1.4 ± 0.7% and 0.8 ± 0.4% for Cr51 Ch and 

Na2Cr51 04. Intrajejunal administration resulted in significant absorption, as indicated by 

increased urinary and decreased fecal recoveries of 16.5 ± 5.6% and 76.4 ± 8.9%, for the 

hexavalent Na2Cr5104, whereas only a slight increase in absorption for the trivalent Cr51Ch (91.6 

± 3.4 % in feces and 4.3 ± 1.7%) occurred. 

Donaldson and Barreras (1966) reported that adult volunteers hospitalized for either 

obesity or pernicious anemia were administered 20 ng of trivalent Cr51 Ch or hexavalent 

Na2Cr5104 either orally in drinking water or by an intestinal perfusion technique. The obesity 

volunteers were otherwise healthy and the pernicious anemia patients were not anemic, but still 

had histamine-fast achlorydria and vitamin B 12 malabsorption when studied. For the ingestion 

studies, urine was collected for 24 hour. The injection tubing was inserted under fluoroscopic 

control into the small intestine so that its lumen opened at the ligament of Treitz as in the rats. 

The proximal collection tube was located 15 cm distal to that site, and the distal collection tube 

was 45 cm beyond. The infusion was performed at a constant rate of 10 mllmin after a 30-

minute equilibration period. The perfusion fluid contained 1 % polyethylene glycol (PEG) as a 

"nonabsorbable" reference marker and 2.5% xylose for calculation of absorption along with the 

administered chromium. Fluid was collected for 1 hour and then fresh fluid was used for a 2nd 
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I-hour collection period. Fecal samples were collected for 6 days in a single container in which 

the sample was homogenized. The majority of radioactivity was recovered in the feces when 

either the trivalent or hexavalent compound was administered orally, but absorption was slighty 

greater for the hexavalent form with recovery at 99.6 ± 1.8% for Cr51Ch and 89.4 ± 2.6% for 

Na2Cr51 04. Urinary excretion was also slightly higher for the hexavalent Na2Cr51 04 (2.1 versus 

1.5%). After intraduodenal administration, fecal and urinary excretion again indicated a low 

absorption of the trivalent Cr51 Ch, whereas approximately 50% of the hexavalent Na2Cr51 04 

appeared to be absorbed based on fecal excretion and approximately 10% appeared in the urine. 

Calculation of the absorption using PEG confirmed a high absorption for the hexavalent 

chromium compound and a minimal amount for the trivalent chromium compound. 

In an extension of this perfusion study using Na2Cr5104, Donaldson and Barreras (1966) 

incubated the perfusion fluid with 0.1 N HCL for 30 minutes prior to neutralization with 0.1 N 

NaOH and then used this fluid in the procedure described above with another five subjects. This 

treatment did not result in impairment of absorption. They then incubated Na2Cr51 04 with 10 ml 

of gastric juice at pH 1.4 for 30 minutes and proceeded with the procedure as before. This 

pretreatment with gastric juice dramatically decreased the absorption to almost complete 

inhibition. Absorption of xylose remained constant in these studies. Since it appeared that 

absorption was significantly decreased by exposure to gastric juice, the researchers stratified 

their analysis to evaluate control subjects versus those with pernicious anemia, and found a 

significant decrease in the absorption for the latter group demonstrated by decreased fecal 

excretion and increased urinary excretion. 

3.2. BIOVAILABILITY, DISPOSITION, AND ELIMINATION OF INGESTED 

HEXA VALENT CHROMIUM 

The processes and factors that determine the ability of chromium to cross cellular 

boundaries is defined as bioavailability. Key mechanisms ofbioavailability that determine 

internal tissue dose include the following: uptake through cell membranes, intracellular 

distribution, and binding to cellular macromolecules. The potential for a chromium compound to 

cross cellular boundaries is primarily affected by its solubility and valence state, which are, as 

with environmental chemistry of chromium described in Section 2, dependent upon solubility 

and pH. This section will describe the key events of chromium uptake and biochemistry within 

cells as critical to its subsequent disposition in and elimination from the body. Studies that 

provide a general understanding of the bioavailability and toxicokinetics of ingested Cr(VI) will 

first be discussed here. 

The extent of absorption of ingested hexavalent chromium from the GI tract is 

determined by both the solubility of the hexavalent chromium compound ingested and how 

rapidly hexavalent chromium is reduced to trivalent chromium, as trivalent chromium does not 

diffuse as readily across cell membranes. Hexavalent chromium, on the other hand, can easily 
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cross cell membranes due to its ability to use existing nonspecific sulfate and phosphate anion 

transport mechanisms. 

Generally, absorbed hexavalent chromium is distributed throughout the body, but the 

blood, liver, kidney, and spleen are the primary sites of distribution in addition to either the 

respiratory or GI tract as the portal of entry. Bone is also a site of distribution, which may 

contribute to the long-term retention kinetics of chromium. Absorbed chromium can be 

transferred to fetuses through the placenta and to infants via breast milk. Chromium can also be 

eliminated in hair, nails, and breast milk. There does not appear to be a gender difference in the 

toxicokinetics of hexavalent chromium, and inter-individual variability in extracellular reduction 

and subsequent absorption and elimination may be primarily driven by differences in gastric 

contents and intervals between meals. 

Quantitative descriptions of the pathways and mechanisms for this distribution, however, 

have been constrained by detection limits and costs of the analytical methods and would be 

especially informed by time course studies of speciated chromium content. Much of what is 

considered generally known now about chromium kinetics has been inferred from studies 

comparing Cr(IlI) to Cr(VI) compounds, but could be refined by studies with speciated 

chromium measurements. Additionally, not all tissues have been routinely evaluated so that 

much of the understanding is also based on blood, urine and fecal excretion studies. Finally, 

there are limited studies comparing kinetics across species. Only two studies, Kargacin et aI., 

1993 and the NTP study (Stout et aI., 2009) have evaluated both rats and mice. The NTP (2007) 

subchronic study also evaluated Guinea pigs. 

3.2.1. In Vitro and Ex Vivo Studies of Bioavailability, Disposition, and Elimination 

Wiegand et ai. (1985) described the in vitro uptake kinetics of hexavalent chromium in 

erythrocytes of rats and humans. No large species differences were observed, with both species 

exhibiting Michaelis-Menten uptake kinetics, including an initial fast uptake rate (Table 3-3). 

Table 3-3. In vitro kinetic parameters of hexavalent chromium uptake in 
RBCs of rats and humans 

Hexavalent chromium uptake Human Rat 

Half-time (whole blood) 

Initial phase 22.7 sec 6.9 sec 

Second phase 10.4 min 10.1 min 

Initial transport capacity (CrOtlerythrocyte/min) 3.1 x 108 2.5 X 108 

Whole blood kinetics 

V max (!1mollmL/min) 2.8 3.0 

Michaelis constant (Km) (mM/L blood) 20.9 14.1 

Source: Wiegand et al. (1985). 
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K2Cr207, a hexavalent chromium compound, introduced into plasma and reconstituted 

whole blood (stabilized with ethylenediaminetetraacetic acid [EDTA]) from three individuals 

was readily reduced to tri val ent chromium in the concentrati on range of 100-1, 000 ~g 

hexavalent chromiumlL (Corbett et aI., 1998). Hexavalent chromium was detected in plasma 

when spiked at concentrations of2,000 and 10,000 ~g hexavalent chromiumlL, but not at 

1,000 ~g hexavalent chromiumlL. Furthermore, the plasma to erythrocyte ratio of total 

chromium decreased with increasing hexavalent chromium concentration. The variability 

between subjects in the ratio of plasma to erythrocyte total chromium diminished by 

approximately 1 order of magnitude as the hexavalent chromium concentration increased from 

200 to 1,000 ~g hexavalent chromiumlL. Corbett et ai. (1998) noted that these data suggest that 

the reductive capacity of erythrocytes is much greater than plasma, and that the reduction rate of 

hexavalent chromium in erythrocytes is greater than the rate of uptake from the plasma. 

The partitioning of hexavalent chromium from plasma into erythrocytes is significant. It 

has been used as a biomonitoring endpoint (Kerger et aI., 1996; Minoia and Cavelleri, 1988) and 

is responsible for the observed residence time of chromium in whole blood (Paustenbach et aI., 

1996; Langard et aI., 1978). 

3.2.2. In Vivo Studies of Bioavailability, Disposition, and Elimination 

Most of the in vivo studies in both laboratory animals and humans that provide data on 

tissue uptake, disposition, and elimination of chromium evaluated total chromium and were 

limited to blood, urine and feces. Some studies did evaluate target tissues such as liver and 

kidney, and a few have evaluated uptake by the GI tract. As before, consideration of the 

analytical methods and the constraint on inferences to be drawn from total chromium 

measurements is an important consideration for evaluation of the data reliability and utility for 

risk assessment. 

3.2.2.1. Laboratory Animal Studies 

In rats gavaged with a single dose ofNa251Cr04, approximately 99% of the administered 

dose was eliminated in the feces, while 0.8% was eliminated in the urine, both within 4 days 

(Sayato et aI., 1980). Rats given 0.138 ~mo1/day hexavalent chromium (approximately 7 ~g/day 

as Na251Cr04) for 3 days exhibited GI absorption of about 15% (Febel et aI., 2001). 

Approximately 81 and 2.17% was eliminated in the feces and urine, respectively (Febel et aI., 

2001). 

MacKenzie et ai. (1959) performed several studies with radiolabeled chromium 

(delivered as Na251Cr04) to evaluate absorption determinants and tissue distribution. In the first 

study, a single oral gavage dose of 57 ~g radiolabeled Na2
51 Cr04 was administered to Sprague

Dawley rats. The chromium solutions were adjusted to pH 7.5 prior to administration. Half of 
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the animals were fasted prior to chromium administration, the other half were fed a stock diet ad 

libitum. Chromium concentrations in liver, kidney, stomach (plus contents), intestine (plus 

contents), blood, spleen, brain, lung, submaxillary gland, urine, and feces were analyzed at 1, 7, 

and 14 days post exposure. Table 3-4 summarizes the results; about 6% absorption occurred in 

the fasted animals and 3% absorption in the nonfasted animals. Significant initial distribution in 

the intestine was noted. The liver showed a maximal uptake of about 1 % whereas the kidney, 

blood, and spleen had a maximal content of 0.1 to 0.2%. The splenic level persisted unchanged 

for 2 weeks post exposure. Most of the delivered dose was excreted in the feces. 

Table 3-4. Distribution and retention of chromium in the rat after a single oral dose 

Percent of the administered dose/total tissue 

Post exposure day 1 Post exposure day 7 Post exposure day 14 

Tissue Fasted Nonfasted Fasted Nonfasted Fasted Nonfasted 

Stomach 1.964 2.22 0.02 <0.02 <0.02 
Intestine 26.78 18.2 0.07 0.04 0.05 
Blood 0.17 0.03 0.05 0.03 0.05 
Liver 1.03 0.21 0.14 0.03 0.07 
Kidney 0.14 0.03 <0.02 0.02 -

Spleen 0.02 <0.02 0.02 <0.02 0.02 
Urine 2.9 0.63 5.3 2.3 5.7 
Feces 64.1 73.5 90.2 95.3 94.7 
Total, % 97.1 94.8 95.8 97.8 100.6 

Source: MacKenzie et al. (1959). 

In the second part of the same study, MacKenzie et al. (1959) administered 131 Ilg 

chromium (as Na251Cr04) and blood was removed from the heart at 4 hour post exposure for 

analysis of chromium in RBCs and plasma. In a third experiment, MacKenzie et al. (1959) also 

evaluated the role of the stomach wall in absorption. Using the same dosing, the influence of the 

stomach was bypassed by injecting chromium directly into the intestine, about 4 cm below the 

stomach. The RBC and plasma were measured for radioactivity 4 hour post exposure as in the 

second part of the study. Table 3-5 shows that the concentrations of chromium in whole blood, 

plasma, and RBCs were greater after administration to the intestine than to the stomach (0 

indicates no significant count above background). 
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Table 3-5. Ratios (intestine:stomach) of chromium concentration in whole 
blood, plasma, and RBCs after a single oral dose 

Whole blood Plasma RBC 

Cr(VI), fasted 1:3.94 1:2.10 1:6.03 

Cr(VI), nonfasted 1:3.34 1:2.68 1:7.46 

Cr(III), fasted 1: 1.48 1:1.46 0:0 

Cr(III), nonfasted 1: 1.11 1:0.90 0:0 

Source: MacKenzie et aI. (1959). 

Since RBC chromium is assumed to be in the hexavalent form and plasma chromium is assumed 

to be in the trivalent form, it appeared that there was some reduction of the hexavalent form in 

both fasted and nonfasted animals. Ratios for the counts in RBC to plasma (RBC:plasma) are 

shown in Table 3-6. 

Table 3-6. Ratios of chromium concentration in RBCs and plasma in the 
stomach and intestine for fasted and nonfasted animals after a single oral 
dose 

Organ and condition RBC:plasma 

Stomach, fasted 1 :4.76 

Stomach, nonfasted 1:8.8 

Intestine, fasted 1: 1.66 

Intestine, nonfasted 1:3.17 

Source: MacKenzie et aI. (1959). 

MacKenzie et al. (1958) administered potassium chromate (K2Cr04) in drinking water to 

Sprague-Dawe1y albino rats (n = 4/sex/group or n = 5/sex/control) at concentrations of 0, 0.45, 

2.2,4.5, 7.7 and 11 ppm (chromate ion) for one year. Two other groups were given water 

containing 25 ppm of either K2Cr04 or trivalent chromic chloride (CrCb) for the same period. 

Chromium was analyzed in liver, kidneys, and femurs at 6 months and in these tissues plus 

spleen after one year by Saltzman's diphenylcarbazide method of permanganate oxidation. No 

changes in weight gain or food consumption were reported, but water intake was decreased to 

77% in females and 84% in males. Resultant tissue concentrations for the rats receiving K2Cr04 

are presented in Table 3-7. The order of chromium concentrations in tissues was as follows: 

spleen> bone> kidney> liver. No gender-specific differences in chromium tissue accumulation 

were observed. An appreciable increase in all tissues examined occurred when the animals 

received between 5 and 10 ppm K2Cr04. Concentrations in these tissues were approximately 
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ninefold higher in the group given K2Cr04 than those receiving the trivalent compound, again 

suggesting the greater bioavailability of hexavalent chromium. 

Table 3-7. Terminal tissue chromium levels in rats ingesting potassium 
chromate (K2Cr04) in drinking water for 1 year 

K2Cr20 4 
Liver Kidney Bone Spleen 

concentration (Jig/g) (Jig/g) (Jig/g) (Jig/g) 

(mg/L) Male Female Male Female Male Female Male Female 

Controls 0 0 0 0.25 ± 0.02 0 0.72 ± 0.8 0 0 

0.45 0.02 ± 0.002 0.08 ± 0.007 0.14 ± 0.007 0.39 ± 0.04 0.58 ± 0.04 0.76 ± 0.04 0.95 0.91 ± 0.11 

2.2 0.08 ± 0.017 0.17 ± 0.03 0.29 ± 0.02 0.48 ± 0.07 1.27 ± 0.06 1.48 ± 0.04 0.68 ± 0.18 1.14 ± 0.1 

4.5 0.15 ± 0.04 0.47 ± 0.06 0.45±0.17 1.09 ± 0.13 2.14±0.25 2.44 ± 0.25 3.41 ± 0.44 4.48 ± 0.71 

7.7 0.70 ± 0.04 0.55 ± 0.06 3.30 ± 0.03 2.39 ± 0.09 3.43 ± 0.83 5.10 ± 0.35 5.24 ± 0.20 4.73 ± 0.8 

11.2 1.22 ± 0.06 1.62±0.14 4.40 ± 0.36 3.98 ± 0.32 3.84 ± 0.49 6.06 ± 0.58 9.91 ± 0.83 11.1 ± 0.86 

Source: MacKenzie et aI. (1958). 

Coogan et al. (1991a) exposed male F344 rats to hexavalent chromium as potassium 

chromate (K2Cr04) dissolved in their drinking water at concentrations of 100 and 200 ppm for 3 

or 6 weeks. Total chromium concentrations were measured in lung, liver, kidney, and blood by 

AAS after acid digestion. Drinking water consumption was reduced at both concentrations for 

the first 3 weeks and then only at the higher concentration the second 3 weeks. Chromium was 

not detected in any lung samples. At both concentrations and durations, the order of tissue 

chromium concentrations was as follows: kidney> liver> blood. Although a general trend of 

increasing chromium content as a function of exposure duration existed for the liver, kidney, and 

blood samples analyzed, only the kidney samples were significantly different between the 3- and 

6-week sacrifices (p < 0.05). Blood chromium levels were not significantly different at either 

sacrifice or at either concentration. 

Witmer et al. (1991, 1989) performed several studies to evaluate the toxicity of 

chromium contaminated soil samples from sites in Jersey City, NJ. In all studies, the organs 

evaluated for chromium content included the liver, lung, spleen, kidney, muscle, brain, and 

testes. An aliquot of blood from the abdominal aorta was also analyzed. Chromium was 

identified in samples by the Baird ICP method (urine and feces) or by atomic absorption using a 

graphite furnace (other tissues). In the initial pilot study, male Sprague Dawley rats were dosed 

by gavage with 0, 20, 40 and 100 /lmole/kg hexavalent chromium as Na2Cr04 . 4H20 in distilled 

water for 7 days. Recovery of chromium was low, tissue burdens at the highest dose represented 

only 1.7% of the amount administered. When tissue burden was expressed on a /lg/g basis, the 

kidney contained the highest amount with liver and blood also containing greater amounts than 

the other samples. In the next experiment, doses of 120 /lmole Cr/kg were administered to 

Sprague-Dawley rats (n = 3/group) using four sources of chromium: 1) Na2Cr04, 2) CaCr04, 3) 
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Pacific Avenue Fines [PAC] soil sample obtained from the NJDEP, and 4) a mixture of soil and 

calcium chromate containing 60 /lmole Cr/kg each. Recovery was again low whether expressed 

as percent of total administered dose or based on the last dose before sacrifice, with the sampled 

tissues accounting for less than 2% of the total administered dose, suggesting minimal tissue 

storage; whatever the source, the kidney had the highest tissue concentrations. The absorption 

from the soluble sodium salt was generally higher in all tissues studied than from the calcium 

salt, soil, or mixture. In a third study, groups of male Sprague Dawley rats (n = 6/group) were 

orally gavaged with chromium in com oil and at a higher concentration (240 /lmol Cr/kg) from 

the same four sources for a longer duration (14 days). The total tissue levels again represented a 

small percentage of the chromium administered, but this time, blood levels were higher than 

those found in the kidney. Thus, to determine if the major portion of the orally administered 

chromium was rapidly excreted, urine and feces were collected in the last experiment in which 

rats (n = 3/group) were gavaged with 240 /lmol Cr/kg as the calcium salt or in contaminated soil. 

Dosing was carried out once daily at the same time each day for eight days. Urine and feces 

were collected at 6, 12, and 24 hour after dosing on days 1 and 2 and on days 7 and 8; chromium 

in the samples was measured by the ICP method. Results for urine and feces on the different 

days are shown in Figure 3-2. The data indicate that chromium is not excreted under these 

conditions of com oil dosing to any appreciable extent in the urine, but some significant 

excretion occurs in the feces. The patterns also show that more of the chromium from soil was 

excreted at both sample periods in the urine and feces than from the rats treated with CaCr04. 
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Figure 3-2. Chromium excretion in urine and feces of Sprague-Dawley rats. Rats were 
gavaged with com oil (control), calcium chromate, or chromium-contaminated soil at a level of 
240 Ilmole Cr/kg daily for either 2 days (upper two panels) or 8 days (lower two panels). Urine 
and feces were collected at 6, 12, and 24 hour after each dosing period. Chromium levels shown 
are for each time period as well as for the total 24-hour period. 
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As part of the development of the physiologically-based pharmacokinetic (PBPK) model 

discussed in Section 3.5, O'Flaherty and Radike (1991) dosed male Sprague-Dawley rats with 

either trivalent chromic chloride-hexahydrate (CrCh . 6H20) or hexavalent sodium dichromate 

(Na2Cr207· 2H20) administered either in drinking water or by inhalation. The inhalation 

concentration (for 6 hour/day) chosen (200 I1g Cr/m3) was based on the lack of toxicity observed 

at that same concentration in a study conducted in rats by Glaser et al. (1985). The control group 

was exposed to filtered air for the inhalation study and received deionized water for the ingestion 

study. Chromium aerosols were generated from solutions by ultrasonic jet nebulizers and 

chromium concentrations were measured daily by AAS; specific Cr(VI) analysis was performed 

weekly by the diphenylcarbazide method (NIOSH method 7600). The mass mean aerodynamic 

diameter (MMAD) for the Cr(IlI) aerosol was 0.9 11m ± 0.28, 80% respirable; and the Cr(VI) 

MMAD was 1.0 11m ± 0.24,63% respirable. The concentration in drinking water (deionized) of 

12.9 mg Cr/L was based on the dose calculated to be delivered by the inhalation route in a 200 g 

rat. Each exposure group contained 36 rats; 6 rats from each group were sacrificed following 

days 2, 5, 10,20, and 40 of exposure. The 36 rats remaining after the 40-day exposure were 

allowed to live untreated 20 days longer (day 60 of experiment) to ascertain if there were 

clearance differences among treatment groups. Blood, urine, and fecal chromium levels were 

monitored on days 2, 5, 10, 20, and 40 for the 40-day exposure period, and again at 20 days post 

exposure. Chromium content in blood and urine were measured by ICP-MS. Tissues were 

digested in acid, ashed, and chromium content determined by AAS. Tissue total chromium 

content was determined in kidney, liver, muscle, intestine, lung, and carcass. The summary of 

the experimental data for the ingestion route is provided in Table 3-8. 
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Table 3-8. Time course of chromium tissue concentrations in male Sprague-Dawley rats! ingesting 12.9 mg CrlL of 
trivalent chromic chloride-hexahydrate or hexavalent sodium dichromate in drinking water for 40 days 

Day of Lung Liver 
study Ilg Cr/g Ilg Cr/g 

Control 

2 ND2 ND 
5 ND ND 
10 ND ND 
20 ND ND 
40 ND 0.035 
60 ND 0.032 

Trivalent chromic chloride hexahydrate 

2 ND 0.042 
5 ND Trace 
10 ND 0.034 
20 ND ND 
40 ND ND 
60 ND Trace 

Hexavalent sodium dichromate 

2 ND 0.209 
5 ND 0.372 
10 ND 0.585 
20 1.17 1.18 
40 0.65 1.50 
60 0.65 0.509 

In = 6 per time point per exposure group 
2Non detect 

Source: O'Flaherty and Radike (1991). 

Intestine Kidney 
Ilg Cr/g Ilg Cr/g 

0.65 1.58 
0.83 ND 
0.56 ND 
0.85 ND 
0.68 ND 
0.72 ND 

18.3 ND 
17.2 ND 
20.6 ND 
26.8 ND 
7.15 ND 
0.83 ND 

15.5 0.249 
22.7 0.588 
14.4 1.60 
29.0 1.71 
6.8 1.909 

0.83 0.634 

34 

Muscle Blood Urine Feces 
Ilg Cr/g ng Crimi Ilg Cr/day mg Cr/day 

Trace 1.5 0.017 ND 
Trace 1.6 ND 0.002 
ND 4.2 0.003 ND 

Trace 3.4 ND 0.013 
Trace 6.8 0.010 ND 
0.038 2.5 ND ND 

ND 2.48 0.227 0.821 
ND 3.11 0.065 0.729 
ND 16.8 0.040 1.20 
ND 5.60 0.075 1.07 
ND 4.72 0.017 1.12 
ND 5.52 2.01 ND 

ND 9.0 0.622 0.997 
ND 11.8 1.79 0.835 
ND 18.5 2.01 0.949 

0.077 48.9 3.08 0.977 
0.103 58.3 2.19 1.51 
0.070 11.3 0.217 ND 

DRAFT - DO NOT CITE OR QUOTE 

NWMAR 118062 



Kargacin et al. (1993) examined the species differences in distribution of total chromium 

in male C57BII6J mice and F344 rats exposed to 130 ppm potassium chromate (K2Cr07) in 

drinking water (8 mg hexavalent chromiujm/kg-day) for 4 or 8 weeks. Total concentrations in 

the tissues listed in Table 3-9 were measured by AAS after acid digestion. Regardless of 

duration, chromium accumulated primarily in the spleen, liver, kidney, and bone of mice and 

rats, with mouse liver, spleen, and bone burdens being, on average, several-fold higher than in 

rats (Table 3-9). The reason for the higher accumulation of chromium in mouse liver is 

unknown, but may result from greater reduction of hexavalent to trivalent chromium in the rat 

gut limiting uptake of chromium from the GI tract. Alternatively, the mouse liver may have a 

higher hexavalent chromium reduction capacity than rats, causing more reduced trivalent 

chromium to be sequestered in hepatocytes. 

Liver 

Kidney 

Spleen 

Femur 

Lung 

Heart 

Muscle 

Blood 

Liver 

Kidney 

Spleen 

Femur 

Lung 

Heart 

Muscle 

Blood 

Table 3-9. Chromium in tissues (Ilg/g wet tissue or Ilg/mL blood) of mice 
and rats after ingesting K2Cr07 in drinking water (8 mg hexavalent 
chromium/kg-day) for 4 or 8 weeks 

Controls 4-Week exposure 8-Week exposure 

Mice 

0.22 ± 0.14 10.92 ± 5.48 13.83 ± 6.06 

0.24 ± 0.14 3.77 ± 0.99 4.72 ± 0.68 

0.53 ± 0.38 5.04 ± 1.45 10.09 ± 2.50 

0.90 ± 0.48 7.43 ± 1.03 12.55 ± 2.99 

0.24 ± 0.12 0.99 ± 0.10 1.08 ± 0.26 

0.32 ± 0.15 0.80 ± 0.23 1.02 ± 0.20 

0.32 ± 0.23 1.12 ± 0.37 0.60 ± 0.25 

0.14 ± 0.05 0.71 ± 0.07 0.42 ± 0.04 

Rats 

0.19 ± 0.14 3.32 ± 0.93 3.59 ± 0.73 

0.34 ± 0.20 8.62 ± 2.40 9.49 ± 4.38 

0.43 ± 0.20 3.65 ± 1.87 4.38 ± 0.84 

1.00 ± 0.46 1.85 ± 0.46 1.78 ± 0.99 

0.39 ± 0.43 1.10 ± 0.38 0.67 ± 0.24 

0.38 ± 0.22 0.52 ± 0.12 1.05±0.19 

0.24 ± 0.14 0.19 ± 0.10 0.17 ± 0.10 

0.19 ± 0.17 0.73 ± 015 0.58 ± 0.13 

Source: Kargacin et al. (1993). 

Sutherland et al. (2000) determined tissue concentrations of chromium in male and 

female F344 rats (n = 7 /sex/group) that drank hexavalent potassium chromate (K2Cr04) ad 

libitum at 0,0.5,3.0 and 10.0 ppm for 44 weeks. Solutions were prepared in deionized water 

weekly; consumption rates were recorded weekly. Rats were switched to deionized water only 4 
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to 6 days prior to sacrifice to ensure tissue concentrations did not reflect recent exposure. Rats 

were euthanized by i.p. injection of sodium pentobarbital and exsanguinated prior to tissue 

harvest. Kidneys (0.6-1.4 g) were digested in 1 N RN03 and chromium content measured by 

atomic absorption spectrophotometry with deuterium background correction. Liver (0.7-1.2 g), 

brain (0.8-1.1 g), bone (0.5-1.0 g), whole blood (1.5-2 ml), testes (0.7-1.3 g), and ovarian (0.1-

0.2 g) samples were digested in a low trace metal reagent grade RN03IHCL04 mixture and 

analyzed by inductively coupled plasma (optical) - atomic emission spectrophotometry (ICP

AES) or inductively coupled plasma - mass spectrophotometry (ICP-MS). Because bone 

samples were optically saturated with calcium and phosphorous, they were reanalyzed with ICP

MS. ICP-MS was also used for the testis and ovarian samples due to their small size and the 

better detection limit for this method. Detection limits of the ICP-AES and ICP-MS methods 

were 5 and 2.5 ppb chromium in solution. Analytical accuracy was assessed by measuring total 

chromium in liver, bone, brain, and testis samples spiked with a known amount of Cr(VI). 

Recovery of chromium in these spiked samples was 101.7 ± 2.9% (range = 92.3-116.4%). 

Additionally, spikes of chromium from a National Institute of Standards and Technology (NIST) 

source independent of instrument calibration standards were also analyzed as unknowns and 

average recovery was 95.7 ± 1.3% (range 86.5-100.6%). Tissue (bone, kidney, liver) and total 

body burdens are shown in Figure 3-3. Chromium was most concentrated in kidney and bone in 

this study, results consistent with those of MacKenzie et al. (1966) and Witmer et al. (1985). 

Despite consuming more water than the males, the females did not have significantly higher 

body burdens (Panel D, Figure 3-3) than males. The lack of difference between the sexes may 

be due to the contribution of testicular burdens to the total, or perhaps the chromium was either 

less bioavailable in females or cleared more effectively. Significant tissue accumulation 

occurred at the 3 and 10 ppm exposure levels, with the effect most pronounced at 10 ppm, 

indicating that a portion of the Cr(VI) escaped extracellular reduction in the GI tract and became 

bioavailable for systemic distribution. An alternate mechanism proposed for the findings was 

that Cr(Ill) formed in the GI tissues and absorbed was not cleared in the kidneys and was taken 

up by the cells. Male rats showed a greater concentration in kidneys at the 3 ppm level than did 

the females, of note since the females consumed more Cr per gram body weight. The liver was 

the only tissue in female rats in which significantly elevated concentrations of chromium could 

be found after ingestion of Cr(VI) at the 3 ppm level. Testicular concentrations were slightly 

elevated in rats that drank 10 ppm Cr(VI). Brain, ovarian, and whole-blood concentrations were 

below detection limits in all exposed groups. The lack of concentrations in whole-blood was 

attributed to rapid delivery of Cr to tissues and clearance of plasma Cr. 
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Figure 3-3. Chromium concentrations in male and female F344 rats following chronic 
drinking water consumption of Cr(VI). Bone (upper left), renal (upper right), and liver (lower 
left) tissue burdens or total body burden (lower right) are mean ± SE. Means that do not share a 
common superscript are significantly different (p :S 0.05). 
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The NTP conducted a comparative absorption sub chronic study in rats, mice, and guinea 

pigs prior to conducting the 2-year bioassay (NTP, 2007; Appendix G). Guinea pigs were 

chosen for the study because they more closely resemble humans in that they do not have a 

forestomach and require a reducing agent (Vitamin C) in their diet. Sodium dichromate 

dihydrate was administered ad libitum in drinking water to male F344IN rats, B6C3F 1 mice, and 

Hartley guinea pigs (n = 4/species/dose) at dose concentrations ofO, 2.87,8.62,28.7,86.2,287, 

and 862 mg Cr(VI)1L (equivalent to 0, 1,3, 10,30, 100, and 300 mg CrlL) for 21 days, followed 

by 2 days of drinking water alone. Animals were sacrificed on day 24, and total chromium 

concentrations in blood, kidney, and femur (rats only) were determined. Blood and renal tissue 

concentrations increased in all three species with dose. A statistically significant and apparently 

nonlinear uptake in blood and kidney at the two highest concentrations was evident in all species 

and in guinea pigs at 30 ppm. Uptake in guinea pigs did not appear to generally differ from that 

of rodents, suggesting that the lack of a forestomach did not alter GI uptake appreciably. Values 

for the rats and mice were in agreement with those previously published by Sutherland et al. 

(2000). 

As part of the 2-year NTP cancer bioassay (NTP; Stout et aI., 2009) discussed in Section 

4, a total chromium tissue distribution study was also conducted (NTP, 2008; Appendix J). 

Groups of 40 male F344 IN rats and female B6C3F 1 mice were randomly assigned to the tissue 

distribution study at the beginning of the 2-year bioassay and treated identically to the core study 

groups. Animals were exposed to sodium dichromate dehydrate (Na2Cr207 . 2H20) in drinking 

water at concentrations ofO, 14.3,57.3, 172, or 257.4 mg/L for 53 weeks. Equivalent Cr(VI) 

concentrations based on the percent mass of Cr in sodium dichromate dehydrate are 0, 5, 20, 60 

and 190 mglL. Dose formulations were prepared approximately every two weeks in tap water. 

On days 4, 11, 180, and 369, up to 10 animals/dose group were removed from treatment and 

placed in individual metabolism cages to allow for separate collection of urine and feces for 48 

hours. Two collections of urine and feces were made to include the intervals from ° to 24 and 24 

to 48 hour; measured values were combined to yield the reported 48-hour values. At the end of 

48 hours, animals were anesthetized with C02/02 for retroorbital sinus sampling of blood. Blood 

was separated into cells and plasma. While the animals remained anesthetized the aorta was 

severed and the abdominal wall opened to obtain liver, kidneys, and stomach (separated into 

glandular and forestomach). Only plastic, ceramic, Teflon, or tungsten carbide instruments were 

used to avoid chromium contamination from stainless steel. Tissue samples were digested in 

concentrated nitric acid. Chromium content of the experimental samples was analyzed by ICP

MS using spiked internal standards; with calibration performed prior to each analysis. Fecal and 

urinary chromium concentrations expressed as Ilg were significantly elevated relative to controls 

at all concentrations and at all sacrifice times in both the male rats and female mice, with the 

majority of the chromium in the feces. Plasma and RBC chromium concentrations (Ilg/g) were 
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consistently significantly elevated relative to controls at the two highest exposure levels. Tissue 

chromium concentrations were significantly elevated relative to control at all concentrations 

(Shirley's test;p < 0.05 at lowest exposure level andp < 0.01 at all others) in both liver and 

kidney samples, with liver concentrations higher than kidney values in both the rats and mice. 

The tissue chromium concentrations for the glandular and forestomach samples in both species 

are presented in Table 3-10. As for the other tissues sampled, chromium concentration in the 

glandular stomach and forestomach were significantly elevated relative to controls at the two 

highest concentrations. Stout et al. (2009) calculated the average daily dose in mg/kg for 

animals on test in the main study using body weight and water consumption data as follows: 

Sodium dichromate dihydrate (mg/L): 0 14.3 57.3 172 516 
Average daily dose (mg/kg): 

Male rats 0 0.6 2.2 6 17 
Female mice 0 1.1 3.9 9 25 
Ratio (mice:rats) 0 1: 1.83 1: 1. 77 1:1.50 1:1.47 

Assuming a similar consumption and weight pattern in these satellite animals, it can be seen that 

the mice generally consumed 1.5 to 1.8 more chromium as an average daily dose (mg/kg), which 

may account to some degree for the larger tissue concentrations in this species observed in Table 

3-10. 
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Table 3-10. Tissue concentrations of chromium in male F344IN rats and female B6C3Fl mice in the 2-year NTP 
drinking water study of sodium dichromate dihydrate 

OmgIL 14.3 mglL 57.3 mglL 172 mglL 516 mglL 

Tissue {J.tglg)l Rats 

Glandular stomach 
Day 6 0.076 ± 0.003 0.143 ± 0.008* 0.333 ± 0.040** 0.773 ± 0.105** 1.967 ± 0.109** 
Day 13 0.095 ± 0.008 0.254 ± 0.073* 0.310 ± 0.049* 1.331 ± 0.060** 1.762 ± 0.042** 
Day 182 0.197 ± 0.031 0.414 ± 0.012* 1.043 ± 0.081 ** 4.300 ± 0.367** 9.886 ± 0.354** 
Day 371 0.253 ± 0.066 0.334 ± 0.029 1.038 ± 0.115* 4.801 ± 0.345** 14.643 ± 0.121 ** 

Forestomach 
Day 6 0.098 ± 0.024 0.076 ± 0.004 0.122 ± 0.008 0.294 ± 0.029 0.285 ± 0.283 
Day 13 0.091 ± 0.015 0.102 ± 0.034 0.171 ± 0.050 0.221 ± 0.055* 0.593 ± 0.159** 
Day 182 0.089 ± 0.018 0.099 ± 0.003 0.338 ± 0.022* 0.574±0.171* 1.654 ± 0.244** 
Day 371 0.090 ± 0.015 0.118 ± 0.008 0.328 ± 0.081 * 1.338 ± 0.444** 2.849 ± 0.975** 

Mice 

Glandular stomach 
Day 6 0.306 ± 0.056 0.645 ± 0.253 1.258 ± 0.290* 2.450 ± 0.266** 5.785 ± 0.131 ** 
Day 13 0.207 ± 0.053 0.324 ± 0.030 2.614 ± 0.190* 7.048 ± 1.751 ** 13.130 ± 2.604** 
Day 182 0.305 ± 0.078 0.644 ± 0.035* 3.659 ± 0.547** 11.520 ± 3.017** 52.673 ± 12.310** 
Day 371 0.731 ± 0.306 0.676 ± 0.104 2.807 ± 0.330* 9.994 ± 1.079* 49.867 ± 12.251 ** 

Forestomach 
Day 6 0.328 ± 0.132 0.683 ± 0.262 1.308 ± 0.553 1.102 ± 0.373 1.286 ± 0.116 
Day 13 0.201 ± 0.094 0.288 ± 0.056 0.400 ± 0.044 2.030 ± 0.532* 3.849 ± 1.811 * 
Day 182 0.173 ± 0.064 0.444 ± 0.099 1.033 ± 0.102* 2.141 ± 0.643** 9.624 ± 3.638** 
Day 371 0.320 ± 0.049 0.381 ± 0.077 1.271 ± 0.300* 1.812 ± 0.208* 7.442 ± 0.764** 

In = 3; mean ± SE. Statistical tests performed on unrounded data. 
*significantly different from the control group (p::; 0.05) and ** (p ::; 0.01) by Shirley's test 

Source: NTP (2008; Appendix J). 
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Hexavalent chromium is capable of crossing the placenta. Pregnant mice given a single 

intravenous injection of 10 mg hexavalent chromium/kg (as Na251Cr04) on gestation 

day (GD) 13 exhibited total embryo chromium levels that were 12% of maternal blood levels 

(Danielsson et aI., 1982). Intraperitoneal injection of 10 mg trivalent chromium/kg (as 51 CrCh) 

in pregnant mice on GD 8 resulted in approximately equal e1CrJ activity in the embryo and 

maternal blood (Iijima et aI., 1983). While these studies demonstrate placental transfer of 

chromium, they are oflimited use for assessing embryonic exposure to chromium as a result of 

maternal oral exposures to hexavalent chromium. 

3.2.2.2. Human Studies 

Most quantitative studies of the GI absorption of both hexavalent and trivalent chromium 

in humans have estimated the absorption fraction to be <10% of the ingested dose. In general, 

these studies suggest that the absorbed fraction of soluble hexavalent chromium compounds 

(e.g., K2Cr207) is higher than insoluble forms; and soluble hexavalent chromium compounds are 

absorbed to a greater extent than soluble trivalent chromium compounds (e.g., CrCh). 

Absorption and elimination of trivalent and hexavalent chromium, following ingestion by 

human volunteers of either single or multiple drinking water doses, were evaluated in a series of 

studies (Finley et aI., 1996, 1997; Kerger et aI., 1996, 1997; Paustenbach et aI., 1996). 

Collectively, these studies illustrate absorption and elimination kinetics for human volunteers 

that provide critical data for the interpretation ofbiomonitoring in blood and urine, but the 

disposition of chromium and in particular its speciation in different tissue compartments, can 

only be inferred by comparison of these same rates (i.e., absorption and elimination) between 

chromium (III) and chromium (VI) compounds. Nevertheless, they can provide a basis for 

human model development (see Section 3.5) and a comparison for the laboratory animal studies. 

Considerable variability across the human volunteers was noted in these studies, and may reflect 

interindividual differences that influence gastric reduction such as time since last meal or volume 

of the contaminated water ingested, but may also reflect different genetic capacities for Cr(VI) 

reduction. 

Of note, a human use committee reviewed the protocols prior to initiation and concluded 

that the study design was adequate to meet the objectives of the study; that the dosing would not 

pose a health risk to the participants, and that the participants were properly informed of 

potential risks. 

Kerger et ai. (1996) examined the absorption (first 2 hours) and elimination (up to 14 

days) kinetics of three different chromium compounds: 1) chromic chloride (Cr(IlI) as CrCh); 

2) potassium dichromate reduced with orange juice (Cr(VI)-OJ); and 3) potassium dichromate 

(Cr(VI) as K2Cr207). In each experiment, three or four adult male volunteers ingested a single 

bolus dose of 5 mg Cr (0.5 L of 10 ppm chromium solution in deionized water). One volunteer 

was common to each of the experiments. Their diet was not controlled, but participants were 
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prohibited from ingesting vitamin supplements containing Vitamin C or chromium. A detailed 

log of all intakes (food, beverage, and dietary supplementation) was maintained throughout the 

duration of the study. Urine voids were collected beginning with the 1 st morning void through 

the last day of the study. Blood samples were drawn, centrifuged and pooled for analysis of 

RBC and plasma at various intervals. All urine samples were analyzed for total chromium, total 

urine volume, specific gravity and creatinine. Total chromium was measured in urine, plasma 

and RBC samples by graphite furnace AAS according to EPA Method 218.2 as modified by 

Pautenbach et al. (1996); the limit of detection was 0.5 Ilg CrlL of urine, 0.3-0.5 Ilg Cr/L of 

plasma, and 0.2 Ilg Cr/L of blood. The absorption was highly dependent on the form of 

chromium ingested. CrCb was poorly absorbed (estimated 0.13% bioavailability) and rapidly 

eliminated in urine (excretion half-life, T 1/2, ~ 1 0 hour), whereas Cr(VI)-OJ was absorbed more 

efficiently (0.60% bioavailability) and eliminated more slowly (T 112 ~ 17 hour). Cr(VI) had the 

highest bioavailability (6.9%) and longest T1/2 (~39 hour). All three compounds caused 

temporary elevation in RBC and chromium concentrations with the magnitude and duration of 

elevation exhibiting a clear trend: Cr(VI) > Cr(VI)-OJ > Cr(III). Figure 3-4 shows a comparison 

of the absorption/elimination profiles for the three chromium compounds. Figure 3-5 shows a 

comparison of the percent bioavailability and elimination T1/2. Plasma chromium concentrations 

peaked within 90 minutes after the Cr(IlI) dosing and averaged 2.8 Ilg Cr/L (range 1.3-3.7). 

Potassium dichromate reduced in orange juice resulted in a lesser elevation, with an average of 

2.2 Ilg Cr/L; whereas potassium dichromate resulted in an average peak concentratin of 26 Ilg 

Cr/L (range 5.1-57). The peak chromium concentrations in RBC mirrored those in plasma, with 

the peak average concentrations for the Cr(III), Cr(VI)-OJ and Cr(VI) reported as 7.5 (range 5.1-

14), 5.5 (range 5.1-6.1), and 17.6 (range 13.5-24) Ilg CrlL, respectively. Because the Cr(VI) 

increases in RBC provide a specific indication of chromium in the hexavalent state, these data 

suggest that at the low doses tested, there was predominant reduction of the ingested Cr(VI) in 

the stomach and small intesting followed by systemic uptake. Distribution and excretion was 

postulated to be as Cr(IlI) organic complexes. Because the increases in chromium content were 

always similar for plasma and RBC, an equilibrium between the cellular and noncellular 

compartments of the blood was suggested and considered to be consistent with the kinetic 

behavior of absorbed Cr(III). The higher bioavailability of the Cr(VI)-OJ compound could 

represent the formation of highly soluble chromium complexes (e.g., ligands with acorbate or 

sulfhydryl proteins) that were rapidly cleared from plasma via tissue uptake or kidney filtration. 

Alternatively, it is possible that a small fraction was absorbed as Cr(VI) where it encountered 

additional reducing agents and potential complexation ligands that produced a variety of 

chromium complexes with different kinetic patterns. Although it is unlikely that the reducing 

capacity of the blood was overwhelmed at the absorbed doses in this study, elucidation of the 

mechanisms would require additional investigations and be greatly informed by analytical 

techniques capable of differentiating the speciated state in biological samples. 
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Source: Paustenbach et al. (1997). 

Figure 3-4. Chromium absorption and elimination in human volunteers after 
ingestion of a single bolus dose in drinking water. 

Source: Paustenbach et al. (1997). 

Figure 3-5. Biovailability and elimination half-life for chromium ingested by 
human volunteers as a single bolus dose in drinking water. 
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Kerger et ai. (1997) next explored the hexavalent chromium absorption, distribution, and 

excretion following oral exposure in human volunteers (n = 5 adults) to 5 or 10 mg Cr(VI)/L in 

drinking water administered as either a single bolus dose (0.5 L swallowed in 2 minutes) for a 

total dose of 5 or 10 mg; or for 3 days at a dosage of 1 L/day (3 doses of 0.33 L each day, at 6-

hour intervals) for a total dose of 15 or 30 mg. The source ofCr(VI) was potassium dichromate 

(K2Cr207) for the single dose experiment and potassium chromate (K2Cr04) for the multiple

dose experiment. Other experimental methods and total chromium analyses in the samples were 

as in Kerger et ai. (1996); a study of the stability of the dosing solution confirmed no measurable 

reduction ofCr(VI) occurred throughout the study. The percent uptake of total chromium 

measured in the urine was 5.7% for the bolus dose at 10 mg Cr(VI)/L, and 1. 7 and 3.4% for the 

multiple doses at 5 and 10 mg Cr(VI)/L, respectively. Plasma and RBC total chromium levels 

were consistent in timing and magnitude, with a temporary elevation about 60 minutes after 

bolus dosing. The average peak concentration of total chromium after the multiple dosing 

regimen in plasma and RBC showed dose trends and timing generally consistent with the bolus 

dose experiment, but with greater interindividual variability. Urine and plasma samples taken 

during day 1 of the single bolus experiment were also assayed for Cr(VI) according to EPA 

method 218.6, using ion chromatographic separation with post-column color development and 

spectroscopic detection, with a detection limit of 1-2 Ilg Cr(VI)/L. All samples were found to 

contain no traces of Cr(VI) at any time point, including during the rapid uptake phase. These 

observations are consistent with the interpretations of Kerger et al. (1996) regarding the 

reduction, uptake, distribution and elimination of Cr(VI) - that Cr(VI) is reduced to Cr(IlI) with 

multiple doses at 5 and 10 mg Cr(VI)/L. Additionally, the data were considered consistent with 

published kinetic models ofCr(IlI) behavior in animals (Aitio et aI., 1988; Lim et aI., 1983). 

Aitio et ai. (1988) developed a compartmental model of the half-life ofCr(III) in humans that 

was based on distribution and elimination rates from three separate compartments: the fast

elimation (T 112 = 7 hour), the moderate elimination (T 112 = 15 days), and slow elimination (T 112 = 

3 years) compartments. Lim et ai. (1983) described a similar compartmental model, suggesting 

Cr(IlI) half-lives of 0.5-12 hour in blood (fast compartment), 1-14 days in storage organs such 

as the liver and spleen (medium compartment), and 3 - 12 months in other solid tissues (slow 

compartment). 

Finley et ai. (1996) evaluated urinary chromium clearance in six healthy, adult (ages 25-

39 years; four males weighing 79-97 kg, two females weighing 56-62 kg) human volunteers. 

The entire chromium ingestion and urine collection period covered 18 days and was divided into 

five separate, but consecutive, phases as described below: 

Days 1 -7: 

Days 8 -10: 

Chromium picolinate ingestion (loading dose) 

Cr(VI) ingestion 
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Days 11 - 13: 

Days 14 - 16: 

Days 17 - 18: 

No-dose period 

Cr(IlI) ingestion 

Post-dose period 

The dosing regimen was designed to achieve a steady-state urine concentration during dosing 

and to ensure a return to baseline between dosing with Cr(VI) and Cr(III). Chromium picolinate 

was delivered at a dose of 0.2 mg for the first seven days, considered a loading dose for this 

dietary supplement. Cr(VI) was delivered as potassium dichromate (K2Cr204) on days 8 through 

10 in a capsule at a dose of 0.005 mg Cr(VI), the u.s. EPA RID for Cr(VI) at that time. Cr(IlI) 

was then ingested as chromic oxide (Cr203) at 1.0 mg Cr(III)/kg/day, the U.S. EPA RID level for 

Cr(IlI) at that time, on days 14 through 16. Urine samples and measurements were performed as 

previously described for Kerger et al. (1996, 1997). The ingestion of chromium picolinate 

resulted in significantly elevated urine concentrations such that participants routinely exceeded 

background. Ingestion of Cr(VI) yielded individual mean total urinary chromium levels of 1.2-

23 Ilg/L, and a pooled mean value of 2.4 Ilg/L. Ingestion of the Cr(IlI) compound yielded no 

significant increases in urinary chromium concentrations, suggesting negligible absorption. 

Paustenbach et al. (1996) evaluated uptake and elimination in a male, Caucasian 

volunteer (age 44 years) who ingested deionized water containing potassium dichromate 

(K2Cr204) in five daily portions (400 mL, 2 mg Cr(VI)/L each) for 17 days. Methods described 

for the Kerger et al. (1996) study were used to sample and quantify chromium in blood and 

urine. Bioavailability was estimated at 2% and the plasma elimination half-life at 36 hour, both 

consistent with the previous studies. The time to achieve steady-state concentrations in urine and 

blood was 7 days. Both plasma and RBC chromium concentrations returned rapidly to 

background levels within a few days, again suggesting that concentrations of 10 mg Cr(VI)/L or 

less in drinking water of humans appears to be completely reduced to Cr(IlI) prior to systemic 

distribution. 

Finley et al. (1997) extended this work by evaluating chromium kinetics in human 

volunteers following repeated oral exposure to Cr(VI) concentrations ranging from 0.1 to 10.0 

mg/L. Five healthy, adult (age 30 to 54 years), male Caucasian volunteers ingested a liter (in 

three volumes of 333 ml at approximate 6-hour intervals) of deionized water containing Cr(VI) 

concentrations of 0.1, 0.5, 1.0,5.0 and 10.0 mg Cr(VI)/L. Potassium chromate (K2Cr04) was 

used as the source of soluble Cr(VI). Other experimental methods and total chrome analyses in 

the samples were as in Kerger et al. (1996); a study of the stability of the dosing solution 

confirmed no measurable reduction ofCr(VI) occurred throughout the study. Each of the five 

subjects demonstrated an increase in the amount of urinary chromium excreted, ranging from a 

mean of 1.7% at the low dose (0.1 mg Cr(VI)/L) to 3.5% at the high dose (10.0 mg Cr(VI)/L). A 

dose-related increase in plasma chromium began at the 5 mg Cr(VI)/day dose, with 2 subjects 

not clearly increasing above baseline at either 5 or 10 mg Cr(VI)/day. The RBC chromium 
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profiles generally mirrored those in plasma. The RBC chromium levels began to decrease within 

days following cessation of the 10 mg Cr(VI)/L dose and exhibited a rapid and then slow decline 

which were also similar to that for plasma, with an approximate 50% decrease within 7 days post 

exposure. 

3.3. BIOCHEMISTRY OF INTRACELLULAR HEXAVALENT CHROMIUM 

At physiological pH, hexavalent chromium exists in the form of an oxyanion with an 

overall -2 charge that resembles sulfate and phosphate, and as such, this anion is taken up by 

cells. This transport system, along with intracellular reduction reactions, allows the anion to 

accumulate in cells at much higher concentrations than extracellularly. Once hexavalent 

chromium enters the cell, it is reduced by various intracellular reductants, including ascorbate, 

glutathione, and cysteine. Low molecular weight thiols (glutathione and cysteine) and ascorbate 

are believed to be primarily responsible for the intracellular reduction (Suzuki and Fukuda, 1990; 

Standeven et aI., 1991, 1992; Quivryn et aI., 2001). Studies on the reduction ofCr(VI) by 

extracts of rat liver, lung, or kidney have found that ascorbate accounted for at least 80% of 

Cr(VI) metabolism in these tissues (Standeven et aI., 1991,1992). Ascorbate is also the fastest 

reducer in the in vitro reactions, and its rate of reduction at 1 mM exceeds that of cysteine and 

glutathione by approximately 13 and 61 times, respectively (Zhitkovich, 2005; Quivryn et aI., 

2001). This intracellular reduction yields reactive intermediates, chromium(V) and 

chromium(IV). These reactive intermediates are formed along with oxygen radicals generated 

via Fenton-like and other possible reactions that occur during intracellular reduction. Depending 

on the nature of the reducing agent and its concentration, this process can generate various 

amounts of unstable Cr(V) and Cr(IV) intermediates (Stearns et aI., 1994). 

Hexavalent chromium taken up by RBCs undergoes reduction to the trivalent form and 

complexes with Hgb and other intracellular proteins that are sufficiently stable to retain 

chromium for a substantial fraction of the RBC lifetime. GSH appears to dominate the reduction 

of hexavalent chromium within RBCs (Wiegand et aI., 1984). In RBC suspensions, the addition 

of GSH results in intracellular reduction of hexavalent chromium to trivalent chromium. The 

role of GSH was confirmed by decreased chromium binding (from 100 to 40%) in the RBCs 

following pretreatment with diethylmaleate, a GSH depletion agent (Aaseth et aI., 1982). 

Incubation of human RBCs with K2s1Cr207 resulted in depletion of the RBC GSH content to 

about 10% of normal. Subsequent analysis ofRBC lysates suggested that chromium-GSH 

complexes are formed and that approximately 97% of [SlCrJ is bound to Hgb (Wiegand et aI., 

1984). Excess trivalent chromium in the RBC is sequestered until cell death (Kerger et aI., 1997; 

Aaseth et aI., 1982). Over time, the RBC-associated chromium appears to be transferred to the 

spleen as a result of scavenging of aging RBCs from the blood. Trivalent chromium in plasma 

does not readily diffuse into RBCs. This explains the observation oflower chromium plasma to 

RBC ratios following exposure to hexavalent chromium. 
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Within parenchymal and phagocytic cells, hexavalent chromium may be reduced in the 

cytosolic and microsomal compartments (De Flora and Wetterhahn, 1989). Isolated liver 

perfusion in rats suggests that the majority of hexavalent chromium reduction is cytosolic, as 60, 

14,9, and 2% of e1Cr] activity was found in the cytosolic, mitochondrial, microsomal, and 

nuclear fraction, respectively (Wiegand et aI., 1987). Caution should be used in interpreting cell 

culture data, as the cell culture medium could playa role in hexavalent chromium reduction, 

confounding the extent of intracellular hexavalent chromium reduction. For example, Dulbeco's 

Modified Eagle's Medium reduces hexavalent chromium to chromium(V) in the absence of cells 

(Borthiry et aI., 2008). In human bronchial epithelial cells (BEAS-2B), Na2Cr04, and to a lesser 

extent, insoluble Zn2Cr04, were reduced to two reactive chromium(V) species; one appeared to 

be mediated by a thiol-independent NADP(H) reductase, and the other possibly via a hexavalent 

chromium-GSH intermediate (Borthiry et aI., 2008). Electron paramagnetic resonance (EPR) 

studies of hexavalent chromium reacting with GSH revealed the generation of two reactive 

chromium(V) intermediates and a GSH thiyl radical (Aiyar et aI., 1991). Pulmonary alveolar 

macrophages (P AMs) also reduce hexavalent chromium via an NADP(H)-dependent reductase 

and GSH (Petrilli et aI., 1986). PAMs in smokers had approximately twice the reductive ability 

than cells from nonsmokers, ostensibly due to reductase induction by cigarette smoke (Petrilli et 

aI., 1986). 

The predominant mechanism for intracellular hexavalent chromium reduction via 

microsomal enzymes has been extensively described. Incubation of K2Cr207 with rat liver 

microsomes or NADP(H) alone resulted in very little hexavalent chromium reduction (Jennette, 

1982; Gruber and Jennette, 1978). However, incubation with microsomes and NADP(H) 

resulted in essentially complete disappearance of hexavalent chromium. Within seconds, 

hexavalent chromium (as K2C20 7) incubated with rat liver microsomes and NADP(H) was 

reduced to chromium(V), presumably via one-electron transfer from cytochrome P450 (Jennette, 

1982). 

In contrast to rat liver microsomes, human lung and liver microsomes do not reduce 

hexavalent chromium via cytochrome P450. Pratt and Myers (1993) showed that human liver 

and lung microsomes reduced hexavalent chromium via an NADP(H) reductase-dependent 

system that was not perturbed by the addition of five different P450 inhibitors. The system was, 

however, inhibited by the addition of TI Cb, indicating the involvement of flavoproteins, 

specifically cytochrome c reductase. The V max and Michaelis-Menten constant (Km) values for 

liver microsomal reduction of hexavalent chromium were 5.03 nmol/minute/mg protein and 

1.04 mM, respectively. The human microsomal Km was 1-3 orders of magnitude lower than 

those measured in rat liver microsomes (16-34 ~M [Mikalsen et aI., 1989] to 1.6 mM [Garcia 

and J enette, 1981 D. Another striking difference between rat and human hexavalent chromium 

microsomal reduction is the relative insensitivity to O2 in human microsomes (Pratt and Myers, 

1993). While rat microsomal hexavalent chromium reduction was markedly inhibited in the 
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presence of 0.1% O2, human microsomal reduction was diminished by only 34-56% in the 

presence of ambient (21 %) 02. These results suggest two things about the spatial distribution of 

microsomal hexavalent chromium reduction in rats and humans. First, P450-dependent 

hexavalent chromium reduction is likely to be confined to the centrilobular region of the rat liver, 

since an O2 tension of only 1 mm Hg exists there. Secondly, the insensitivity to O2 of human 

microsomes makes it possible for enzymatic reduction to occur in highly aerated tissues, such as 

the lung. 

Myers and Myers (1998) verified and extended the description of enzymatic hexavalent 

chromium reduction in human liver microsomes. Liver microsomes from five individuals were 

incubated with Na2Cr04 to determine reduction kinetics. Using a series ofP450 inhibitors and 

nCb, the authors showed that hexavalent chromium reduction was mediated by flavoproteins, 

NADP(H)-dependent P450 reductase, and cytochrome bs. Parameters for reduction kinetics in 

these five individuals are shown in Table 3-11. The range ofVmax and Km values was very 

similar across subjects. Lung microsomes from one individual exhibited Vmax and Km values that 

were 0.66- and 2.8-fold lower than liver microsome values. Finally, the addition of iron to the 

liver microsomal system revealed that hexavalent chromium reduction could be stimulated by 

iron levels that were 3- to 26-fold lower than the hexavalent chromium levels, suggesting that the 

iron may have a catalytic role in the enzymatic reduction of hexavalent chromium. 

Table 3-11. Kinetic parameters of hexavalent chromium reduction in 
human liver microsomes from five individuals 

Parameter Observation 

Vrnax 10.4-10.7 

Krn 1.04-1.68 

Inhibition by O2 26-37% 

Inhibition by TIC13 96-100% 

Inhibition by P450 inhibitors 

Carbon monoxide None 

Piperonyl butoxide None 

Aminopyrine None 

Source: Myers and Myers (1998). 

Proteoliposomes composed of recombinant human P450 reductase and cytochrome bs 

were used to verify that electrons from NADP(H) could be transferred to cytochrome bs during 

the reduction of hexavalent chromium (Jannetto et aI., 2001). Markedly less hexavalent 

chromium reduction occurred in proteoliposomes devoid of cytochrome bs. Further, hexavalent 

chromium reduction in proteoliposomes was almost identical to human liver microsomes when 

corrected for the cytochrome bs concentration. 
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The available data in human and animal studies do not suggest a significant gender 

difference in metabolism of hexavalent chromium. Further, human liver microsome studies did 

not identify marked variability in enzymatic rates of hexavalent chromium reduction (Myers and 

Myers, 1998), although samples were examined from a small number of individuals. 

3.4. TOXICOKINETIC CONSIDERATIONS FOR THE MODE OF ACTION OF 

INGESTED HEXAVALENT CHROMIUM 

Consideration of the bioaccessibility, bioavailability, and biochemistry of ingested Cr(VI) 

are critically important as key toxicokinetic determinants of its mode of action (MOA). Figure 

3-6 provides a schematic of the salient features of these processes, and the ensuing text discusses 

their role in arriving at inferences for the MOA. 

As discussed in Sections 2 and 3.1, external reduction in the environment, or 

bioaccessibility, is a critical factor determining the location, amount, and speciation of a given 

exposure. The type of compound ingested plays one of the most important roles dictating 

subsequent toxicity, having a dramatic effect on the digestion, solubilization and speciation of 

chromium compounds; thus it is a major influence on its internal bioaccessibility, biovailability 

and toxicokinetics in the body. 

Internal bioaccessibility involves factors dictating the extracellular reduction in the GI 

tract lumen. Physiological fluids in the GI lumen such as gastric juice, and constituents of the 

diet such as beverages like orange juice, both diminish the uptake of Cr(VI) compounds via their 

capacities to provide reduction of Cr(VI) to Cr(III). Further, the disposition of chromium in 

either the trivalent or hexavalent form is strongly dependent on the both the chemical 

characteristics as well as on the solubility of the chromium compound and its method of 

administration. Intraindividual variability due to differences in this reduction capacity have been 

noted in human studies (Kerger et aI., 1996; Finley et aI., 1997; Paustenbach et aI., 1996; 

O'Flaherty et aI., 2001). 

The accuracy of any dose-response analysis would be improved by greater rigor afforded 

the characterization of the reduction capacities, and this may be especially important for 

interspecies extrapolation. This will likely need to involve a more physiologically-based 

description of GI uptake as reduction is a function of physiological factors affecting lag time 

(peristalsis) and spatial distribution in the GI tract. Environmental and internal bioaccessibility 

processes are both extracellular, in which reduction of Cr(VI) to Cr(IlI) can occur with the 

resulting Cr(IlI) not being able to be actively transported into cells (Levine et aI., 2009). Any 

comprehensive risk modeling must take into account the role of these processes associated with 

extracellular reduction of Cr(VI) (Zhitkovich, 2005). 

Hexavalent chromium that is not extracellularly reduced is readily transported by sulfate / 

phosphate anion channels into the GI lumen and due to its reactivity, undergoes 

biotransformation. As discussed in Section 3.2, Cr(VI) distributes to other tissues, notably the 
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blood, kidney and liver. The uptake and intracellular reactions depicted and described here for 

the GI tissue are also applicable to those cells as well. 

As described in Section 3.3, Cr(VI) once in the cell, is reduced by various intracellular 

reductants, including ascorbate, glutathione, and cysteine, lipoic acid, hydrogen peroxide, 

NAD(P)H-dependent enzymes, fructose and ribose (LeVina et aI., 2003, 2007; Nickens et aI., 

2010). The end product ofCr(VI) intracellular reduction in all biological systems is always 

Cr(III), but the reduction process can also generate variable amounts of Cr(V), Cr(IV), and 

organic radicals depending on the nature of the reducing agent, its concentration, and the ratio of 

reactants (Stearns et aI., 1994; Salnikov and Zhitkovich, 2009). The resultant Cr(IlI) from the 

intracellular reduction of Cr(VI) forms stable adducts with macromolecules and other cellular 

constituents. 

While the presence of small amounts of short-lived Cr(V) at higher ratios of ascorbate to 

Cr(VI) can not be unequivocally ruled out due to the technical limitations of the analytical 

methods employed (electron spin resonance spectroscopy), it is doubtful that environmental 

levels of Cr(VI) will be sufficient to produce significant quantities of Cr(V) in cells with 

millimolar ascorbate concentrations (Salnikov and Zhitkovich, 2009). Thus, the reduction 

reactions to Cr(III)-ligands are depicted as the dominant (solid line) in Figure 3-6, as is the 

subsequent formation of Cr(III)-DNA adducts, as they have been determined to be mutagenic by 

the various pathways depicted (as discussed more fully in Section 4). The contribution of 

oxidative stress and single-strand DNA breaks are depicted to occur at high doses, but the 

quantitative magnitude for designating "low" versus "high" cannot be established based on the 

available laboratory animal data. 

An additional important note on these biotransformations regards the interpretation and 

reliability of data from in vitro assays. In vivo, the intracellular levels of ascorbate are quite high 

(about 1 mM). In contrast, the levels of ascorbate in tissue culture media are quite low since 

generally it is not added to the media so that the only source is supplemented fetal bovine serum 

(FBS). With 10% FBS, the level of ascorbate in tissue cultured cells is only about 50 11M which 

is 20 times lower than that which is found in vivo (Zhitkovich, 2005). Therefore, experiments on 

mutagenesis and other toxic effects of hexavalent chromium in tissue culture may underestimate 

its mutagenic, genotoxic, and cell-transforming activities (Zhitkovich, 2005; Costa and Klein, 

2006). Attempts to address this concern by delivering ascorbic acid into cultured cells introduce 

other difficulties because the oxidized dihydro form must be added in order for it to enter the cell 

(Zhitkovich, 2005). 
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Figure 3-6. Schematic of ingested Cr(VI) to internal dose in GI tissue and blood. 
Intracellular molecular mechanisms of biological disposition in GI tissue are expected in 
other target tissues such as respiratory tract, liver, and kidney. See text for discussion. 
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3.5. BIOLOGICALLY-BASED MODEL OF INGESTED CHROMIUM COMPOUNDS 

IN RATS AND HUMANS 

Physiologically based pharmacokinetic (PBPK) models are mathematical representations 

of biological systems in animals and humans that are relevant to the quantitative determination of 

internal doses of toxic moieties ofxenobiotics resulting from external doses or exposures and 

thereby facilitate interspecies extrapolation (Krishnan et aI., 1994). By employing chemical- and 

species-specific parameter values for tissue volumes, process rates, and reaction kinetics, PBPK 

models are used to extrapolate internal dosimetry of chemicals across routes of exposure, dose 

ranges, and species. In risk assessment, the use ofPBPK models quantitatively reduces 

uncertainties in these extrapolations, thus partially or completely obviating the need to apply 

uncertainty factors (UFs) in the derivation of exposure limits protective of cancer and noncancer 

effects (Clewell and Andersen, 1985). 

The development ofPBPK models occurs in four sequential steps: (1) conceptual 

representation of the body into discrete compartments, (2) parameterization of the model, 

(3) exercise of the model by simulating one or more exposures and comparing model predictions 

against empirical observations, and (4) verification of the ability of the model to adequately 

predict empirical data not used for model exercising (Krishnan and Andersen, 1994). Recent 

regulatory applications have extended these concepts to use a family approach to evaluate hazard 

and arrive at risk estimates using a four-step framework for organizing and evaluating toxicity 

data: 1) exposure, 2) tissue dosimetry, 3) mode of action, and 4) response (Barton et aI., 2000). 

This expansion of the traditional exposure-response analysis has been increasingly utilized in 

risk assessment and represents advancement for maximal use of designing experiments and 

maximal end use of toxicity data. The kinetics of a group of metabolically related compounds, 

i.e., a family, can often be described by development of a template model structure that may only 

need some refinement in specific parameters to be able to address specific members of that 

family. The development of the chromium model actually represents such a process and 

illustrates a distinct advantage ofPBPK models, i.e., they can be adaptable to different 

conditions (e.g., across routes, species, and for both chromium compounds) and provide greater 

confidence that the physiological basis of the processes are adequately understood and accurately 

described. This section will briefly describe the development and features of the model 

described in greater detail elsewhere (O'Flaherty and Radike, 1991; O'Flaherty 1991a,b; 

O'Flaherty, 1993, 1995, 1996; O'Flaherty et aI., 2001), and discuss its potential utility for 

internal dose descriptions for the assessment of ingested hexavalent chromium. 

O'Flaherty published a model for chromium kinetics (both Cr(IlI) and Cr(VI)) in rats 

(O'Flaherty, 1996) and humans (O'Flaherty et aI., 2001) that was based on a general structure 

that had been developed for lead kinetics in rats (O'Flaherty, 1991a,b) and humans (O'Flaherty 

1993, 1995). Once developed to describe the kinetics of chromium in rats, the model structure 

was then extended to describe the kinetics of humans using the rat chromium model and the 
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human lead model. Like lead, chromium exchanges between plasma and the bone surfaces in 

contact with plasma, and also like lead, although with much lower efficiency, chromium can 

become incorporated into actively mineralizing bone. Both processes are included in the model. 

Parallel absorption and disposition schemes for Cr(IlI) and Cr(VI) are linked in the model by 

reduction processes occurring throughout the body as well as in the GI tract and in the lungs as 

points of entry. 

Development of the rat model for chromium began with general physiological 

parameters, as well as those parameters related to body growth and to bone growth and other 

tissues and organs, as previously defined and assigned in the lead rat model (O'Flaherty, 

1991a,b). It was adapted to chromium by first considering the disposition ofCr(III) following an 

intravenous administration and then introducing other exposure routes in increasing order of 

kinetic complexity. Incorporation ofCr(VI) kinetics followed a similar strategy. Initial values 

for each added set of exposure, reduction, or distribution parameters were estimated based on 

literature data, and model simulations were visually optimized to the appropriate data set at each 

step in the development process. New model parameters specific to chromium are as follows: 

rate constant for movement past the GI absorption region, the GI absorption rate constants for 

both Cr(IlI) and Cr(VI), clearance constants for passage into and out of tissues including the 

RBC, the fractional rates of depositon with forming bone, rate constants for the reduction of 

Cr(VI) to Cr(IlI) in the GI tract and in tissues, and concentration-dependent urinary clearance 

consistent with parallel renal processes. 

The steps listed below summarize the strategy for development of the rat model and 

provide an appreciation for the complex considerations of study design and biological processes 

that were necessary to arrive at the final model structure: 

1. General model structure taken from the existing PBPK model for lead (O'Flaherty, 
1991a,b) with exclusion of any slow exchange in bone compartment. Relative 
magnitudes of rapid surface exchange at bone surfaces and formation/resorption of bone 
in juvenile and mature rats based on visual fit of model to data of Hopkins (1965), a study 
in which Cr51Cb was administered by i.v. and radiolabel monitored for 72 days following 
injection. The declining body burden data were fit with a three-term sum of 
exponentials; the third term was presumed to be most closely related to loss of chromium 
from bone, with bone data reported at 0.25,4.0 and 24 hours. 

2. Extension of time frame of model predictions. Starting value for plasma Cr(IlI) clearance 
estimated from chromium body burden data of Hopkins (1965), the second term in that 
data (described in Step 1) corresponding to a half-life of 5.9 days, results in a clearance 
rate of 0.025 L Cr/day. Scaling by body weighto.75 resulted in whole-body clearance of 
Cr(IlI) of 0.055 L Cr/day/kg. This value was later calibrated to be 0.065 to be more 
consistent with other in vivo data sets after drinking water exposure (e.g., MacKenzie et 
aI., 1959). 
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3. Refinement of Cr(IlI) distribution parameters by comparison with data of Visek et al. 
(1953) on Cr(IlI) i.v. administration reported at 4 and 42 days. 

4. Total clearance of Cr(IlI) was fractionated into clearances into bile, urine, and GI tract as 
1%,90% of the remainder, and 10% of the remainder, respectively; primarily based on 
the data of Cikrt and Bencko (1979) who administered Cr(IlI) salt by i.v. Further work 
on the model showed that the data of Bragt and Van Dura (1983) and Edel and Sabbioni 
(1985) were not compatible with significant transintestinal and biliary excretion, so these 
two fractions were subsequently set at 0 in final form. 

5. Addition ofRBC compartment in communication with arterial blood. The first-order rate 
constants for loss of Cr(IlI) from RBC to plasma and transfer of Cr(IlI) from plasma to 
the RBC were fixed on the basis of measured half-life of chromium association with RBC 
(Bishop and Surgenor, 1964). These were not changed in further model development. 
Estimates of the rate constant for transfer of Cr(VI) from plasma to RBC based on in 
vitro data on human RBC suspended in either saline (Gray and Sterling, 1950) or blood 
plasma (Weigand et aI., 1985). The same half-life was initially used for transfer of 
Cr(VI) between plasma and peripheral tissues, but these were changed for poorly 
perfused tissues in order to fit the data of Weber (1983). 

6. Total excretion clearance for Cr(VI) set and changed as above in Step 4 for Cr(III). 

7. Percent of chromium dose excreted in the urine in 24 hour following i.v. injection of a 
soluble salt of either Cr(IlI) or Cr(VI) in rats was reported by Cikrt and Bencko (1979) to 
be independent of oxidation state of administered compound. Initial estimate of 
excretion clearance of Cr(VI) was set equal to Cr(IlI) and the two values remained equal 
in the course of model development. 

8. Link ofCr(VI) model to Cr(IlI) model by reduction processes in all tissues. A single 
value of the first-order reduction rate constant was provisionally assigned to the Cr(VI) 
pools in the RBCs, peripheral tissues, and lung. This simplification proved satisfactory 
and was retained in the final model. The value of the reduction rate constant was 
determined by fitting the tissue concentration data of Weber (1983) in accordance with 
the results of studies in which little or no reduction was observed in human plasma in 
vitro (Gray and Sterling, 1950; Korallus et aI., 1984). 

9 Expansion ofi.v. model to include GI uptake. First-order rate constant set at 0.01 per day 
for GI absorption ofCr(III) estimated from the single bolus dose data of MacKenzie et al. 
(1959) at 1.8%, shown to be in agreement with the estimate of Mertz et al. (1965) at 2-
3% for oral administration. The same study found 85% of an orally administered soluble 
Cr(VI) salt had been reduced before it could reach the intestinal absorption site. Model 
was run with inclusion of reduction pathway and the first-order reaction rate constant set 
to give 85% reduction and 10% absorption. 

10. Final structural development step was to expand the composite model to allow absorption 
and elimination of chromium from the lung. Pulmonary clearance of Cr(VI) salts is not 
dose-dependent within a reasonable dose range (Weber, 1983; Bragt and van Dura, 
1983). Mucociliary transfer to the GI tract identified as second route of chromium 
clearance. Both Cr(IlI) and Cr(VI) assigned to two lung pools in the model. Chromium 
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from either intratracheal (i.t.) or inhalation exposures enters the first pool, from which it 
can be systemically absorbed, transferred to the second pool, or cleared by mucociliary 
action. Chromium in the second pool can be only cleared by mucociliary transport. 

11. Adjustment of initial model parameter values by visual optimization to fit data from 
O'Flaherty and Radike (1991). Published parameter estimates, especially for tissue 
uptake and loss were refined by optimization of model predictions to the data set of 
Weber (1983) in conjunction with the data sets of Bragt and Van Dura (1983) and Edel 
and Sabbioni (1985). All were studies of radiolabeled chromium following i.t. 
administration of soluble slCr(VI), or in one instance slCr(III), salts. The Weber (1983) 
data set consisted of time course data in several tissues, whole blood, plasma, GI tract, 
and carcass for 42 days after a single i.t. dose. The Bragt and Van Dura and Edel and 
Sabbioni data sets had only limited tissue concentration measurements, but extensive 
measurements of cumulative excretion in urine and feces. 

To test the generalizeability of the final form of the model, the inhalation study of 

Langard et al. (1978) was simulated. The study of Langard et al. (1978) consisted of a series of 

inhalation exposures of rats to zinc chromate dust, 6 hour/day for 4 days followed by 4 days 

during which urinary excretion was monitored and 37 days during which blood chromium levels 

were monitored. Agreement of the O'Flaherty model against these data was reasonably good 

despite the route extrapolation required. However, the model only fit the data of the MacKenzie 

et al. (1958) drinking water study moderately well, as the nonlinear kidney and liver 

oncentrations were over predicted. Modification of the uptake description to include a 

Michaelis-Menton term may address this issue (see below). 

The human model (O'Flaherty, 2001) was developed based on the rat using appropriate 

scaling of physiological parameters and by estimating specific chromium-related parameters 

using several studies in adult human volunteers administered chromium in drinking water 

(described in Section 3.2 [Finley et aI., 1997; Kerger et aI., 1996; Paustenbach et aI., 1996]). 

Default values, determined by gender and age, were used for their body weights. The studies of 

Kerger et al. (1996) and Finley et al. (1997) were used for calibration of the chromium-specific 

parameters (e.g., clearance constants) in the model structure and the Paustenbach et al. (1996) 

study was used for verification. In the absence of data on the magnitude of the rate of deposition 

of Cr(IlI) or Cr(VI) in human bone, the fractional rates of deposition were assigned the values of 

5 for Cr(IlI) and 15 for Cr(VI), the same values used in the rat model. 

The human model generated reasonable time profiles to the data ofPaustenbach et al. 

(1996) despite the variability of the urinary excretion rates. Figure 3-7 illustrates the dependence 

of the urinary excretion on the form of the chromium administered. As discussed for the data of 

Kerger et al. (1996), when chromium has been administered as Cr(IlI) citrate rather than as the 

inorganic salts of CrCh or K2Cr207, transfer of chromium from the blood to a compartment from 

which excretion occurs is favored relative to other tissues. As a result, when the CrCh clearance 

curve is applied and the excretion rates were optimized to fit urinary excretion rates, plasma 
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concentrations in that same subject were greatly over-predicted; if the model had instead been 

optimized to plasma concentrations, urinary excretion rates would have been underpredicted. 

O'Flaherty revised the clearance expression to address the administration in orange juice. The 

alternate expression gives clearances of 2 L/day at chromium concentrations within the 

background concentration range of 0.05-0.15 IlglL and is represented by the dotted line in 

Figure 3-7. The fit to the data for the model prediction of the kinetic behavior of chromium in 

the plasma for the Cr(VI)-OJ salt was greatly improved. 
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Source: O'Flaherty et al. (2001). 

Figure 3-7. Observed and simulated plasma chromium concentrations predicted by 
the PBPK model for a human subject ingesting Cr(VI) dissolved in orange juice 
(CrVI-OJ) in the study of Kerger et al. (1996). The solid line is the simulation using 
the general model expression for urinary clearance. The dotted line represents a 
simulation using an alternate expression for that clearance (see text). 
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Another key finding of the model simulations was that based on total urinary excretion, a 

consistently greater percentage of Cr(VI) than of Cr(IlI) is absorbed. This implies that some 

Cr(VI) escaped reduction in the stomach and entered portal venous blood. This greater 

absorption of Cr(VI) versus Cr(IlI) does not imply that the reduction capacity of gastric juice 

was exceeded, but rather that absorption from the GI tract is so rapid that it is able to compete 

effectively with reduction in the stomach (O'Flaherty, 1996). The rapidity of absorption is 

further supported by the rate at which chromium appears in the blood. 

The model schematic is provided in Figure 3-8 and the key parameters for both the rat 

and human models are provided in Table 3-12. The model accounts for both oral and inhalation 

exposures, plasma and RBC distribution, distribution in key target tissues such as liver and 

kidney, and elimination via urine and feces. Additional target tissues could be defined from the 

well- and poorly-perfused tissues if required; likewise, a more complex respiratory or GI tract 

description could be incorporated as needed (see below). 

As with all models of this type, certain parameter values are highly correlated. For 

several constellations of constants that define parallel and competing processes, the relative 

values of the constants are more important than are their absolute values in order to achieve a 

good fit to the concentration data. These groups of constants include those determining the 

simultaneous rapid excretion of Cr(VI) and its uptake into tissue, those determining loss of 

Cr(IlI) from tissues, and those determining the relative rates of Cr(VI) reduction in the RBC and 

release from the RBC. Uptake of Cr(IlI) into tissues has relatively little impact on the 

predictions of the model (O'Flaherty, 1996). 
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Figure 3-8. Schematic of structure for PBPK model of chromium in the rat 
and human. 
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Table 3-12. Chemical-specific parameters in the rat and human chromium 
models 

Rat Human 

Parametera Cr(III) Cr(V1) Cr(III) Cr(V1) Definition 

Absorption 

KGI 0.01 0.04 0.25 2.5 First -order rate constant for absorption from the GI tract (Da-1
) 

KLU 0.2 2.0 NA NA First -order rate constant for absorption from the bioavailable 
lung pool (pool A) (Da-1

) 

KMUCOA 0.8 0.8 NA NA First -order rate constant for mucociliary clearance from pool 
A to the GI tract (Da-1

) 

KMUCOB 0.025 0.025 NA NA First-order rate constant for mucociliary clearance from the 
nonbioavailable lung pool (pool B) to the GI tract (Da-1

) 

KLUAB 1.2 1.2 NA NA First -order rate constant for transfer from pool A to pool B 
(Da-1

) 

FRLUNG NA NA 0.3 0.3 Fraction of inhaled chromium absorbed to blood 

FRTRGI NA NA 0.7 0.7 Fraction of inhaled chromium transferred to GI tract 

Distribution 

CR 5.0 15.0 NAb NAb Relative clearance of chromium into mineralizing bone 
(L blood plasma clearedIL new bone formed) 

KINRBC 0.0003 1.5 12.0 NA Clearance from plasma to red cell (LlDa) 

KDIN 0.007 1.5 3.0 30.0 Clearance from plasma to kidney (LID a) 

LDIN 0.0001 1.5 3.0 30.0 Clearance from plasma to liver (LID a) 

WDIN 0.0001 1.5 3.0 30.0 Clearance from plasma to other well-perfused tissues (LID a) 

PDIN 0.0001 0.01 3.0 30.0 Clearance from plasma to poorly-perfused tissues (LID a) 

BDIN 0.0001 0.01 NAb NAb Clearance from plasma to bone (LID a) 

CR NA NA 5.0 15.0 Fraction deposition from blood to forming bone 

KOUTRBC 0.0003 10.0 12.0 NA Clearance from red cell to plasma (LlDa) 

KDOUT 0.001 10.0 3.0 30.0 Clearance from kidney to plasma (LID a) 

LDOUT 0.0003 10.0 3.0 30.0 Clearance from liver to plasma (LID a) 

WDOUT 0.001 10.0 3.0 30.0 Clearance from other well-perfused tissues to plasma (LID a) 

PDOUT 0.003 10.0 3.0 30.0 Clearance from poorly perfused tissues to plasma (LID a) 

BDOUT 0.003 10.0 NAb NAb Clearance from bone to plasma (LID a) 

Excretion 

KFX 1.5 1.5 14.0 14.0 First-order rate constant for loss of chromium from intestinal 
tract contents to the feces (Da-1

) 

QEC 0.065 0.065 NA" NA" Excretion clearance from the plasma (urinary clearance) 
(L/kg/Da) 

CLEARc NA NA 12.0 12.0 Parameter in expression for clearance from blood plasma to 
urine (Lid) 

MAXc NA NA 0.008 0.008 Parameter in expression for clearance from blood plasma to 
urine (mg/d) 

KMc NA NA 0.0008 0.0008 Parameter in expression for clearance from blood plasma to 
urine (mg/L) 

FB 0.0 0.0 NA NA Fraction of body burden secreted in the bile 

FI 0.0 0.0 NA NA Fraction of body burden excreted via the GI tract 
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Table 3-12. Chemical-specific parameters in the rat and human chromium 
models 

Rat Human 

Parametera Cr(III) Cr(V1) Cr(III) Cr(V1) Definition 

Reduction 

KREDRC NA 0.7 NA 7.0 First -order rate constant for reduction of hexavalent chromium 
to Cr(IlI) in the red cell (Da-1

) 

KREDBP NA NA NA 0.2 First -order rate constant for reduction of hexavalent chromium 
to Cr(IlI) in blood plasma (Da-1

) 

KREDKL NA NA NA 500.0 First-order rate constant for reduction of hexavalent chromium 
to Cr(IlI) in kidney (Da-1

) 

KREDGI NA 10.0 NA 100.0 First -order rate constant for reduction of hexavalent chromium 
to Cr(IlI) in GI tract contents (Da-1

) 

KRED NA 0.5 NA 5.0 First -order rate constant for reduction of hexavalent chromium 
to Cr(IlI) in all other tissues and in lung contents (Da-1

) 

Lag time for excretion of urine 

FRHOLD 0.7 0.7 NA NA Fraction of urinary chromium not excreted immediately; that 
is, temporarily held in pool 

KHOLD 0.05 0.05 NA NA First -order rate constant for excretion from the retained urine 
pool (Da-1

) 

FR 0.10 0.10 NA NA Fraction of chromium in retained urine that is associated with 
the kidney 

aparameter names are those for human model in cases where the reported rat and human parameter names were not 
identical. 
bExchanges between blood plasma and cortical and trabecular bone are simulated as functions of bone formation 
and resorption rates. 
c 

QE = CLEAR _ MAX 
KM + CBP , where QE is clearance from blood plasma to urine (Lid) and CBP is plasma 

concentration of chromium (mg/L). 

NA = not applicable 

Sources: O'Flaherty (1996) (rat parameters); O'Flaherty et al. (2001) (human parameters). 
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The model behavior in several respects suggests that it reflects critical physiological 

behavior with reasonable accuracy. For example, although uptake of Cr(VI) into tissues is 

clearly more rapid than that ofCr(III), it is not possible to fit Cr(VI) clearance disposition data 

satisfactorily using an excretion clearance greater than that assigned to Cr(III). That is, the 

mechanism of tissue uptake is fundamentally different than that for excretion, which would be 

expected if one was carrier-mediated and the other not. Additionally, the magnitudes of the 

observed tissue chromium concentrations require that a significant portion of tissue uptake be 

chromium as Cr(VI), which is reduced and trapped as Cr(III), especially in the RBC. Cr(IlI) 

would not have entered the RBC sufficiently rapidly to achieve the observed concentraions. 

Further, the transient early chromium concentration peaks seen in certain tissues (e.g., liver) 

would not be adequately described by assuming only that some Cr(VI) taken up by the tissue is 

subsequently lost as Cr(VI). 

As illustrated above, O'Flaherty (1996, 2001) noted for both models that a key 

uncertainty in the models is that there is limited information regarding the factional absorption 

from environmental sources. Since even the soluble salts of Cr(IlI) and Cr(VI) are not 

particularly well absorbed from either the GI tract or respiratory tract, bioaccessibility of 

chromium to absorption processes will prove to be the most important single characteristic 

determining its potential absorption and toxicity. The urinary clearance observed in studies in 

which inorganic Cr(VI) or Cr(IlI) were administered differ from the urinary clearance of Cr(IlI) 

administered as a complex with citric acid anions. The latter are consistent with chromium 

clearances reported in the general population. The disposition of chromium in either the trivalent 

or hexavalent form was strongly dependent on both the chemical characteristics as well as on the 

solubility of the chromium compound and its method of administration. Studies in which the 

chromium compound was given by i.v., intramuscular (i.m.), or i.p. injection do not generate 

data on which an understanding of the kinetics of chromium can be based and thus are not 

suitable for setting chromium-exposure standards. 

A second uncertainty noted by O'Flaherty (1996) was that little is known about the 

importance of bone as a reservoir and continuing source of internal exposure. Dependence of 

bone chromium uptake on age and physiologic status may be important features to complete any 

comprehensive model application to chromium kinetics in populations relevant to risk 

assessments. 

Despite these limitations, the human model in its present form could be useable for the 

generation of rough estimates with a urinary clearance set to a constant value of 1-2 L/day and 

the rate constants ofGI absorption set at O.2S/day for Cr(IlI) and 2.S/day for Cr(VI), i.e., 10 

times the value of Cr(III). However, neither the rat nor human version of the model in its present 

form has been subj ected to formal computerized optimization of parameter values. As suggested 

by O'Flaherty and Radike (1991), its use for predictive applications in risk assessment would be 

greatly enhanced by both a sensitivity analysis and optimization of key parameters, with 
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attention to the variety, reliability, and utility of the kinetic data available. Newer data sets 

published since the model was published may be particularly informative to this exercise, 

including those of Kargacin et ai. (1993) in mice and rats, Sutherland et ai. (2000) in rats, and the 

NTP (2008) bioassay in rats and mice. 

Because of the toxicity and tumors observed in the buccal cavity of rats and the 

duodenum in mice of the recent NTP 2-year oral bioassay with sodium dichromate dihydrate in 

drinking water (NTP, 2008; Stout et aI., 2009), new effort has been devoted to extending the 

O'Flaherty model to predict kinetics in those tissues for those species (Campbell et aI., 2009). 

The O'Flaherty rat model was extrapolated to the mouse using known physiological parameter 

values and allometric scaling of chromium kinetic parameters (Table 3-13). 

Table 3-13. Parameters for mouse developed by Campbell et al. (2009) 

Parameter Mouse Rat 

QCC 16.5 15.0 Cardiac output (L/h/kg) 

Fraction of cardiac output 

QLC 0.02 0.25 Liver 

QKC 0.17 0.17 Kidney 

QIC 0.141 0.17 GI tract 

QBC 0.03 0.03 Bone 

QOCC 0.01 0.10 Oral cavity 

Oral cavity 

SAOC 2.5 5 Surface areas (cm2
) 

VLOC 1.2 2.4 Volumes (mL) 

WLO 0.006 0.006 Lumen thickness (cm) 

WTO 0.01 0.01 Tissue thickness (cm) 

WXO 0.02 0.02 Submucosal thickness (cm) 

FRACS 0.43 0.43 Saliva flow (fraction of ingestion rate) 

Tissue volume (fraction of body weight) 

VLC 0.055 0.04 Liver 

VKC 0.0167 0.01 Kidney 

VIC 0.0422 0.03 GI tract 

VRBCC 0.03 0.03 RBC 

VWC 0.2 0.2 Well perfused (less liver, kidney, and GI tract) 

VPC 0.7 0.7 Slowly perfused (less bone) 

Source: Campbell et al. (2009). 
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An oral mucosa compartment was added to the rat model and compartments for the stomach, 

small intestine, and large intestine were added to the model description as shown in the 

schematic of the model in Figure 3-9. This structure is likely superior to the simplified first

order process used by O'Flaherty in that it addresses proximal to distal movement of chromium 

through the GI tract. Using the NTP (2007) subchronic data, uptake in the model was fit to the 

kidney data and then used to predict the blood uptake and GI tissue distribution of total 

chromium in the NTP subchronic kinetic studies for the rats and mice. The apparent nonlinear, 

dose-dependent uptake of chromium from drinking water in these studies could be adequately 

described using Michaelis-Menten kinetics (Campbell et aI., 2009). The model predictions were 

shown to adequately fit the kidney and blood data. Further development, optimization, and 

publication of the model against additional data sets with richer tissue information such as 

Kargacin et ai. (1993), Sutherland et ai. (2000), and the NTP (2008) is warranted. Advantages of 

this type ofPBPK modeling is that the nonlinearities and spatial properties in uptake process can 

be described more physiologically, quantitative extrapolations can be performed across species, 

and predictions of target tissue dose can provide a more accurate description of dose-response. 
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Figure 3-9. Extended PBPK model structure to predict chromium 
distribution in the oral cavity and GI tract tissue for rats and mice. 
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3.6. CONSIDERATION OF CHROMIUM ESSENTIALITY VERSUS TOXICITY 

Further research is needed on this important area for characterizing the beneficial versus 

toxic effects of chromium (Vincent, 2004; Costa and Klein, 2006). Chromium trivalent 

supplements are among the most highly absorbed forms of Cr(III). Chromium (III) has been 

purported to have beneficial effects on insulin, but that role is currently debated (Costa and 

Klein, 2006; Steams, 2000). It is now believed that "nutritional supplement" may be a better 

term for describing the biological role for Cr(IlI) since the generation of chromium deficiency in 

humans is difficult to define (Mertz, 1998; Steams, 2000; Costa and Klein, 2004). As evidenced 

in the preceding sections, any discussion of the potential toxicity of Cr(IlI) should also include 

an evaluation of Cr(VI) as the biological disposition of the two are related (Steams, 2000). The 

Reference Daily Intake (RDI) for chromium of 50-200 Ilg was revised to a Dietary Reference 

Intake (DRI) of 35 Ilg. DRI values are the most recent set of dietary recommendations 

established by the Food and Nutrition Board of the Institute of Medicine, 1997-2001. They 

replace previous RDAs, and may be the basis for eventually updating the RDls. 
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4. HAZARD IDENTIFICATION 

4.1. ORAL STUDIES IN HUMANS 

The human health effects observed following oral ingestion of hexavalent chromium 

usually come from individuals accidentally or intentionally ingesting hexavalent chromium 

compounds or from human populations unknowingly consuming food or drinking water 

contaminated with hexavalent chromium. 

4.1.1. Acute Exposure 

Several case reports have been published on clinical signs and symptoms in individuals 

following acute accidental or intentional ingestion of high doses (fatal or near fatal) of 

hexavalent chromium compounds, including chromic acid (Loubieres et a1., 1999; Saryan and 

Reedy, 1988; Fristedt et a1., 1965), potassium dichromate (Hantson et a1., 2005; Clochesy, 1984; 

Iserson et a1., 1983; Sharma et a1., 1978; Kaufman et a1., 1970; Partington, 1950; Goldman and 

Karotkin, 1935), and ammonium dichromate (Hasan, 2007; Reichelderfer, 1968). Clinical 

presentation of patients following acute, high-dose exposure was similar, regardless of the 

specific hexavalent chromium compound ingested, and included the following: abdominal pain, 

nausea, and vomiting; hematemesis and bloody diarrhea; caustic burns of mouth, pharynx, 

esophagus, stomach, and duodenum and GI hemorrhage; anemia, decreased blood Hgb, 

abnormal erythrocytes, and intravascular hemolysis; hepatotoxicity (hepatomegaly, jaundice, 

elevated blood bilirubin, and liver enzymes activities); renal failure (oliguria and anuria); 

cyanosis; and metabolic acidosis, hypotension, and shock. Findings on tissue biopsies included 

hepatic fatty degeneration and necrosis and renal tubular degeneration and necrosis (Loubieres et 

a1., 1999; Sharma et a1., 1978; Kaufman et a1., 1970; Reichelderfer, 1968). Based on estimated 

amounts of hexavalent chromium ingested, the range of lethal doses for hexavalent chromium in 

humans is from approximately 4.1 to 357 mg hexavalent chromium/kg body weight (Loubieres 

et a1., 1999; Saryan and Reedy, 1988; Clochesy, 1984; Iserson et a1., 1983; Kaufman et a1., 

1970). 

A series of acute and short-term repeated (17-day) ingestion studies were conducted on 

volunteers to evaluate hexavalent chromium pharmacokinetics (Corbett et a1., 1997; Finley et a1., 

1997; Kerger et a1., 1997, 1996b; Kuykendall et a1., 1996; Paustenbach et a1., 1996). With the 

exception ofPaustenbach et a1. (1996), these studies reported that study protocols were reviewed 

and approved by a human use committee comprised of three board-certified occupational 

physicians and one board-certified toxicologist. In each case, the committee determined that 

participants were properly informed of the reported adverse health effects associated with 

hexavalent chromium exposure. The study by Paustenbach et a1. (1996) involved a single male 

volunteer. The methods section of this study noted that "The volunteer had a PhD in toxicology, 
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and the test protocol was approved by a human use committee." As part of these studies, 

standard clinical evaluations were performed that included blood cell counts, blood clinical 

chemistry (SMA-20), and urinalysis (volume, specific gravity, creatinine). In the longest 

duration exposure, a single subject ingested 2 L/day of a solution of containing 2 mg hexavalent 

chromiumlL (as potassium dichromate in water) for 17 consecutive days (approximately 0.06 mg 

hexavalent chromium/kg-day, assuming a 70-kg body weight) (Paustenbach et aI., 1996). In 

shorter duration studies, 3-5 subjects ingested 1 L/day of solutions containing 0.1-10 mg 

hexavalent chromiumlL in water (approximately 0.001-0.14 mg hexavalent chromium/kg-day, 

assuming a 70-kg body weight) for 1-3 days (Finley et aI., 1997; Kerger et aI., 1997, 1996b; 

Kuykendall et aI., 1996). Data from the clinical evaluations were not reported; however, results 

were described in general terms that suggested that values for clinical chemistry endpoints were 

"similar" when measured prior to, during, or following dosing (Paustenbach et aI., 2003, 1996). 

4.1.2. Environmental Exposure 

Human studies of possible associations between oral exposures to environmental 

hexavalent chromium and health outcomes include several epidemiology studies in which health 

outcomes (primarily cancer) were evaluated among populations that resided near sources of 

industrial waste containing hexavalent chromium compounds in Liaoning Province, China 

(Kerger et aI., 2009; Beaumont et aI., 2008; Zhang and Li, 1997, 1987, 1980), Kings County/San 

Bernardino County, California (Fryzek et aI., 2001), Nebraska (Bednar and Kies, 1991), and 

Glasgow, United Kingdom (Eizaguirre-Garcia et aI., 2000, 1999). In addition to these studies, 

two cases of Hodgkin's disease in residents of Hinkley, California, where hexavalent chromium 

was used as a cooling additive at a local gas plant, were described in a case report by Bick et ai. 

(1996). 

Liaoning Province, China (Kerger et ai., 2009; Beaumont et ai., 2008; Zhang and Li, 1997, 

1987) 

In 1987, Zhang and Li published a paper describing the soil and water contamination by 

chromium in the vicinity of an alloy plant where chromium was smelted in the JinZhou area of 

Liaoning Province, China (Zhang and Li, 1987). This paper was based on an earlier unpublished 

report (Zhang and Li, 1980). A more detailed mortality analysis, which included variation in 

cancer mortality rates among the five villages along the Nuer River, was published in 1997 

(Zhang and Li, 1997) in the Journal of Occupational and Environmental Medicine. This study 

has had a controversial history that culminated in the retraction, in 2006, of the latest report 

(Zhang and Li, 1997) by the editors of the Journal of Occupational and Environmental Medicine 

because "financial and intellectual input to the paper by outside parties was not disclosed" 

(Brandt-Rauf, 2006). The financial and intellectual input in question were those from a 

consulting firm that had (or may have had) financial ties with industry clients potentially liable 
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for chromium wastes in the United States (Smith, 2008). Two reanalyses of data compiled by 

Zhang and Li have also been reported (Kerger et aI., 2009; Beaumont et aI., 2008). The 

following presentation of the studies begins with a description of the geographic area, industrial 

operations, and resulting chromium dispersion in the surrounding communities, with information 

obtained from the most recent reports (Kerger et ai. 2009; Beaumont et aI., 2008) and from 

earlier published and unpublished reports (Zhang and Li, 1986, 1980; JinZhou Antiepidemic 

Station, 1979). The commonalities and differences in the reanalyses by Kerger et ai. (2009) and 

Beaumont et ai. (2008) are then described. 

The study area is west of JinZhou, a city in Liaoning Province in northeastern China. 

This area was described by Zhang and Li (1987) as being primarily agricultural with some 

pockets of industries. One of the industrial plants is the JinZhou ferrochromium alloy plant, 

located near the Nuer River. The town of TangHeZi was developed around the plant (Zhang and 

Li, 1980). A series of five small rural villages (JinChangBao, Nuer River Village, YangXing, 

ShiLiTai, and WenJiaTun) are located approximately 1-5 km to the east of the plant along the 

Nuer River. The alloy plant began trial smelting of chromium in 1959, small-scale production in 

1961, and mass production in 1965 (Zhang and Li, 1987). Liquid wastes from the production 

process were released to a dry river bed (the "Old Nuer River") near the plant. The amount of 

hexavalent chromium in the wastewater was considerable (estimated as 20 mg/L at the end of the 

discharge pipe) (Zhang and Li, 1986). Solid wastes (>300,000 tons by 1986) were stored in 

outdoor piles and were subject to leaching to surface water and groundwater. These piles of ore 

residue were the main long-term source of underground water contamination. Hexavalent 

chromium was also released into the air through the various production and waste processes, 

with a northeast prevailing wind pattern. An additional source of chromium exposure was from 

food grown in areas using contaminated well water for irrigation. 

In 1964, residents in the Nuer River Village noticed a yellowing of the color of their 

drinking water. The local health department (referred to as the "JinZhou Disease Control and 

Prevention Station", "JinZhou Health and Anti-epidemic Station", or "JinZhou Antiepidemic 

Station" depending on the translation) initiated testing of well water samples in each of the five 

villages in 1965. Chromium was found in 75 (28%) of the first set of samples from 266 wells in 

JinChangBao and Nuer River Village, with levels up to 10 mglL. By the end of 1965, the zone 

of underground water contamination had spread, following a path eastward from the plant. In 

JinChangBao, 41 % of the wells contained hexavalent chromium, as did 96% of the wells in Nuer 

River Village. The highest concentration (5 mglL) was found in YangXing and Nuer Railway 

Station, which are east of JinChangBao and Nuer River Village. In 1966, hexavalent chromium 

was detected in the Nanshan reservoir (supplying drinking water to JinZhou), 9 km from the 

alloy plant. Monitoring of well water continued, and the expansion of the contamination zone 

appeared to peak in 1979 (Zhang and Li, 1986). A variety of efforts to reduce the chromium run

offwere undertaken in 1965-1967. 

69 DRAFT - DO NOT CITE OR QUOTE 

NWMAR 118097 



Table 4-1 includes a compilation of the available data from the 1965 water sampling 

studies (based on Table 2 from Beaumont et aI., 2008, with the addition of the distance from the 

plant and average chromium levels in the well water samples from Kerger et aI., 2009). The 

analytical methods used to quantify chromium were not reported, but these values (and all other 

values for chromium concentrations noted below) were reported as hexavalent chromium; 

Beaumont et ai. (2008) note that other forms would not be expected to be water soluble. 

Beaumont et ai. (2008) and Kerger et ai. (2009) are in general agreement regarding their 

interpretation of the 1965 water testing data. There is disagreement, however, as to what can be 

established regarding levels in later years (Table 4-1), and the stability of the relative levels 

among the villages. Beaumont et ai. (2008) do not consider the available data to be adequate to 

classify the individual villages with respect to a relative ranking of exposure, given the lack of 

information regarding the selection of wells sampled, lack of information regarding use of 

specific wells by individuals within the villages, paucity of data from later years, and rapid 

changes in chromium concentrations in various areas due to the groundwater movement as well 

as the efforts to curtail the chromium contamination. Kerger et ai. (2009), however, use the 1965 

well water sample data to derive two measures of exposure (average chromium concentration 

and percent of wells >0.05 mg/L) that they applied to each of the five villages for an exposure

response analysis of cancer risk. 
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Table 4-1. Data pertaining to hexavalent chromium concentrations in 
drinking water in five villages along a path of groundwater contamination 
from an alloy plant in western JinZhou, China from 1965 to 1979 

Village (kIn from alloy plant) 

JinChanBao Nuer River Village YangXing ShiLiTai WenJiaTun 
Yr (1.4) (1.5) (3.0) (3.5) 

Early 1965a Hexavalent chromium detected in 
75 (28%) of 265 wells sampled in 
JinChanBao and Nuer River Village; 
73 of the 75 wells were in Nuer 
River Village; 41 (15%) were >2.0 
mg/L (range 0.6-10.0 mg/L). 

Later in 1965a,b 

Number of wells sampleda,b 123 170 50 21 

Hexavalent chromium (mg/L)" Number of wells (%) 

<0.001 73 (59) 

0.001-<0.05 35 (28) 

0.05-<0.1 7 (6) 

0.01-<0.5 8 (7) 

0.5-<1.0 0(0) 

1.0-<5.0 0(0) 

2:5.0 0(0) 

Maximum (mg/L)",b 0.4 

Average (mgIL)b 0.031 

1966c 

1967b 

1972b 

1974 

1979c 

aAs reported by Beaumont et al. (2008). 
bAs reported by Kerger et aI. (2009). 

7 (4) 

1 (1) 

5 (3) 

27 (16) 

17 (10) 

76 (45) 

37 (22) 

20.0 

2.6 

1O.5d 

0.06-4.33 

cAs reported by Zhang and Li (1986), number of samples not stated. 

14 (28) 2 (10) 

16 (32) 19 (90) 

5 (10) 0(0) 

12 (24) 0(0) 

2 (4) 0(0) 

1 (2) 0(0) 

0(0) 0(0) 

<5 <0.05 

0.18 0.02 

0.002-20.0 

<0.05 <0.05 

<0.05 

0.0I-O.05c 

0.001-0.03 

(5.0) 

33 

27 (82) 

6 (18) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

<0.05 

0.004 

<0.05 

0.003-0.004 

dZhang and Li (1986) report this concentration as 70.5 mg/L, but Zhang and Li (1987), Beaumont et aI. (2008), and 
Kerger et aI. (2009) report a concentration of 10.5 mg/L. The total number of samples and the range in 
concentrations were not specified. 

A mortality study was described first by Zhang and Li (1980) in an unpublished report 

for the JinZhou health department, and later published in a Chinese journal (Zhang and Li, 

1987). Mortality records for the period 1970-1978 were obtained from local police stations for 

the five villages along the Nuer River, the district surrounding the ferrochromium alloy plant 

(TangHeZi), and three other areas to the west (YaoTangHeZi) and north (North ThangHeZi, 

North Nuer River) of the plant. TangHeZi and the other three areas were not affected by the 

groundwater chromium contamination, and these areas serve as one of the comparison groups in 

the analyses. Cause of death was abstracted by trained study staff and reviewed by Dr. Zhang 

(Kerger et aI., 2009). A study interview was also conducted (with unspecified surrogates), but 
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the content of the interview was not described in detail (Zhang and Li, 1980). The mortality 

analysis indicated that the lung cancer rate was relatively high in TangHeZi (the industrial town 

surrounding the ferrochromium alloy plant), but decreased in areas further to the north (Zhang 

and Li, 1980). In the areas to the east of TangHeZi (JinChangBao, N eur River Village, ShiLi Tai, 

YangZing, and WenJiaTun), total cancer mortality rates (71.9-92.7 per 100,000 person-years) 

were high relative to the region (65.4 per 100,000 person-years). Similar elevations were seen 

for lung cancer mortality (13 .2-21.4 compared with 11.2 per 100,000 person-years in the eastern 

villages and comparison region, respectively, and stomach cancer mortality rates (27.7-55.2 in 

the eastern villages; comparison rates not given in the report, but the authors state these rates are 

"higher than the district as a whole") (Zhang and Li, 1987). 

A subsequent paper by Zhang and Li (1997) expanded their work to include an analysis 

of variation in cancer rates among the five villages in the contamination zone in relation to 

distance from the plant and other exposure measures. This analysis is also included in the 

Kerger et al. (2009) report, described below. 

The mortality data described in the reports by Zhang and Li (1987, 1980) are the basis for 

the subsequent analyses by Beaumont et al. (2008) and Kerger et al. (2009). The reanalyses by 

Beaumont et al. (2008) and Kerger et al. (2009) provide very similar estimates of person-years. 

Beaumont et al. (2008) used 1982 census data for the study areas and estimated annual growth 

rates from 1970 to 1982 for the Liaoning Province to estimate yearly population counts for each 

of the nine study areas; the summation of these figures from 1970 to 1978 represents the person

years for the study period. Kerger et al. (2009) based the population figures on the estimated 

populations in 1974 and multiplied these numbers by 9 (number of years of follow-up) to 

estimate person-years for each of the study regions. TangHeZi, the industrial area surrounding 

the ferro chromium alloy plant (1975 population approximately 17,500), is approximately 3-

10 times bigger than the other study areas (Table 4-2). 
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Table 4-2. Results pertaining to cancer mortality rates in five villages along path of groundwater contamination from 
alloy plant and other comparison areas, western JinZhou, China from 1970 to 1978, based on analyses by Beaumont et 
al. (2008) and Kerger et al. (2009) 

Rate per 100,000 person-yrs 

All cancer Stomach cancer Lung cancer 

Age-adjusted Age-adjustment Estimated age- Estimated age-
Area (population or person-yrsf rate influenceb Crude rate adjusted rateb Crude rate adjusted rateb 

Areas in contamination zone 

JinChanBao (2,900) 83.6 0.97 36.7 35.5 13.2 12.8 

Nuer River Village (2,800) 71.9 0.98 28.0 Missingb 15.0 14.7 

ShiLiTai (2,600) 93.0 0.94 55.2 51.7 Missing Missing 

YangXing (1,100) 76.8 0.94 36.5 34.5 21.4 20.2 

WenJiaTun (1,700) 91.1 0.94 27.7 26.0 20.8 19.5 

Group average (~98,700r 81.3 34.9 35.3 17.1 16.9 

Comparison areas 

TangHeZi (17,500) 71.3 0.86 16.9 14.5 21.4 18.3 

North TangHeZi (3,600) 81.8 0.84 26.4d 22.1 8.8 7.4 

North Nuer River (5,800) 71.8 1.05 30.5 31.9 7.6 8.0 

Yao TangHeZi (1,500) 61.3 0.90 26.6 23.8 20.0 17.9 

Group average-all (~252,500)" 72.1 19.4 14.7 

Group average-without TangHeZi (96,826i 73.7 28.6 9.7 

aArea population figures are based on approximate 1975 data from Beaumont et al. (2008); group values are total person-yrs for the combined area. 
bAs calculated by Beaumont et al. (2008). Nuer River Village stomach cancer rate was not included in the primary analysis by Beaumont et al. (2008) because it was 
missing in the original (1980) report; an additional analysis used a rate of 28 as reported by Zhang and Li (1987). 
cBeaumont et al. (2008) estimate was 98,458 and Kerger et al. (2009) estimate was 98,850. 
dBeaumont et al. (2008) report this value as 26.14 in Table 2, but based on the calculation of the estimated age-adjusted rate, it appears that a value close to 26.3 was 
used; Kerger et al. (2009) report this value as 26.4. 
eBeaumont et al. (2008) estimate was 252,277 and Kerger et al. (2009) estimate was 253,282. 
lAs reported by Kerger et al. (2009). 
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The numbers of total cancer deaths, lung cancer deaths, and stomach cancer deaths were 

used in combination with estimated person-years at risk as the basis of the calculation of area

specific mortality rates in the analyses by Zhang and Li (1997, 1987, 1980), Beaumont et al. 

(2008), and Kerger et al. (2009). Because the results of Zhang and Li (1997) are repeated in the 

presentation by Kerger et al. (2009), only the more recent of these analyses is described in more 

detail below. 

There are two differences between the analyses of the cancer mortality data presented by 

Beaumont et al. (2008) and Kerger et al. (2009). One of the minor differences is the value used 

for stomach cancer mortality for one of the villages in the contamination zone, Nuer River 

Village. Beaumont et al. (2008) do not include an estimate of stomach cancer mortality for Nuer 

River Village in their primary analysis because it was missing from the original (1980) 

unpublished report (Zhang and Li, 1980) and Dr. Zhang indicated in a faxed communication with 

the study authors that the estimated rate of28 per 100,000 per year (reported in Zhang and Li, 

1997) was of uncertain accuracy. Beaumont et al. (2008) did repeat their analysis using the 28 

per 100,000 rate for stomach cancer mortality in Nuer River Village, and found that this 

inclusion had very little effect on their estimates. Kerger et al. (2009) used 28 per 100,000 per 

year as the stomach cancer rate for Nuer River Village. The second relatively minor difference 

is in the estimation of age-adjusted mortality rates. The original analyses by Zhang and Li 

(1987) presented age-adjusted rates for all cancer mortality, but not for stomach cancer or lung 

cancer mortality. Kerger et al. (2009) do not attempt to make an age adjustment for lung or 

stomach cancer because "small numbers of site-specific deaths in the villages would have 

precluded the calculation of relatable direct standardized site-specific rates in the current study." 

Beaumont et al. (2008) addressed this issue by calculating the ratio of unadjusted to adjusted 

total cancer rates for each study area, which they term the "age-adjustment influence" ratio. This 

ratio ranged from 0.84 to 1.05. The area-specific lung and stomach cancer unadjusted rates were 

multiplied by the respective area-specific age-adjustment influence ratio to create estimated age

adjusted lung and stomach cancer rates (Table 4-2). 

One of the major differences between the analyses by Beaumont et al. (2008) and Kerger 

et al. (2009) was described previously: Kerger et al. (2009) use the 1965 exposure data for 

exposure-response modeling of the variation in cancer rates among the five villages in the 

chromium contamination zone, and Beaumont et al. (2008) do not believe that the available data 

are adequate for this purpose. The other major difference between the analyses is the inclusion 

of TangHeZi, the industrial district surrounding the ferro chromium alloy plant, in the comparison 

group. Kerger et al. (2009) considered this district to be too different from the smaller villages in 

terms of urban-rural lifestyles and other exposures that could affect cancer risk (specifically 

stomach cancer and lung cancer), and therefore, did not include it in their comparison group. 

Beaumont et al. (2008) include TangHeZi, presumably because it was part of the original study 

design. They do not explicitly address the comparability issue with respect to stomach cancer 
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risk factors, although they do note the potential for occupational chromium exposure to 

contribute to a relatively high lung cancer rate in TangHeZi. 

Table 4-3 presents the measures of association between chromium exposure and cancer 

mortality, based on the five villages in the contamination zone and the various comparison 

groups used by Beaumont et al. (2008) and Kerger et al. (2009). These risk ratios are based on 

comparison of the rates shown in Table 4-2, using a Poisson distribution for calculation of 95% 

confidence intervals (CIs). With respect to stomach cancer, the primary site of interest from the 

standpoint of drinking water contamination, Beaumont et al. (2008) report an association using 

the four comparison areas (TangHeZi, North TangHeZi, North Nuer River, and YaoTangHeZi) 

that were the basis for the original analysis (risk ratio = 1.82,95% CI 1.11-2.91) and using rates 

from all of Liaoning Province as a comparison (risk ratio = 1.69, 95% CI 1.12-2.44). Kerger et 

al. (2009) excluded the most populous area, TangHeZi from the comparison group, and reported 

a risk ratio = 1.22 (95% CI 0.74-2.01), which they interpret as being evidence of no association. 

In the lung cancer analyses, Beaumont et al. (2008) report relatively little difference between the 

rates in the contamination zone and the comparison area (risk ratio = 1.15, 95% CI 0.62-2.07), 

but a stronger association using Liaoning Province as a comparison (risk ratio = 1.78, 95% 

CI 1.03-2.87). Kerger et al. (2009) observed higher lung cancer rates in the five villages in the 

contamination zone compared with the three rural areas they included in the comparison group 

(risk ratio = 1.76, 95% CI 0.78-3.98), and slightly reduced risk when compared to TangHeZi 

(risk ratio = 0.80,95% CI 0.44-1.47). 

Table 4-3. Risk ratios comparing cancer mortality rates in five villages 
along a path of groundwater contamination from an alloy plant and other 
comparison areas in western JinZhou, China from 1970 to 1978 

All cancers Stomach cancer Lung cancer 

Comparison group a Risk ratio 95%CI Risk ratio 95%CI Risk ratio 95%CI 

All four areasb 1.13 0.86-1.46 1.82 

Excluding TangHeZi" 1.10 0.80-1.51 1.22 

Liaoning Provinceb 1.23 0.97-1.53 1.69 

aTangHeZi, North TangHeZi, North Nuer River, and YaoTangHeZi. 
bReported by Beaumont et al. (2008). 
CReported by Kerger et al. (2009). 

1.11-2.91 1.15 0.62-2.07 

0.74-2.01 1.76 0.78-3.98 

1.12-2.44 1.78 1.03-2.87 

Kerger et al. (2009) also presented results of analyses of variation in cancer rates within 

the five villages in the chromium contamination zone, using three measures of exposure 

potential: distance from the plant, average hexavalent chromium concentrations in 1965, and 

percent of wells with >0.05 mg/L hexavalent chromium in 1965 (these measures can be found in 

Table 4-1). The analysis was based on Poisson regression of the log-transformed cancer rate in 

relation to the exposure measures (separate models run for each measure). For the distance 
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measure, a negative value for the coefficient indicates an increased cancer rate with closer 

proximity to the plant, and for the other exposure measures, a positive coefficient indicates an 

increased cancer rate with higher exposure. The results for all cancer mortality (given as the 

regression coefficient and p-value) were 0.04 (p = 0.61), -0.07 (p = 0.54), and -0.24 (p = 0.45) 

for the distance, average hexavalent chromium concentration in 1965, and percent of wells 

>0.05 mglL hexavalent chromium in 1965 measures, respectively. For stomach cancer mortality, 

the coefficients were 0.01 (p = 0.93), -0.11 (p = 0.50), and -0.32 (p = 0.51) for the distance, 

average hexavalent chromium concentration in 1965, and percent of wells >0.05 mg/L 

hexavalent chromium in 1965 measures, respectively, and for lung cancer, the coefficients were 

0.12 (p = 0.50), -0.06 (p = 0.79), and -0.11 (p = 0.88) for the distance, average hexavalent 

chromium concentration in 1965, and percent of wells >0.05 mg/L hexavalent chromium in 1965 

measures, respectively. As described previously, Beaumont et al. (2008) did not include this 

type of exposure-response analysis because they believed that the inherent limitations of the 

exposure data precluded a meaningful analysis. 

In addition to the cancer mortality study, the JinZhou health department also collected 

data pertaining to symptoms in 1965 in Nuer River Village, which was one of the highly 

contaminated areas at that time (well water hexavalent chromium levels of 0.1-20.0 mglL) 

(Zhang and Li, 1987, 1986). Among 156 residents surveyed, 51 (33%) had oral ulcers, 20 (17%) 

had diarrhea, 48 (31 %) had abdominal pain, 26 (17%) had dyspepsia, 81 (30%) had stomach 

pain, and 20 (17%) had vomiting (JinZhou Antiepidemic Station, 1979). The authors state that 

"no such symptoms were found among the residents whose water wells were not contaminated." 

A similar study of 158 people in ShiLiTai in 1971 found a similar pattern of symptoms, with 

92 (58%) reporting oral ulcers, 48 (30%) diarrhea, and 36 (23%) abdominal pain. In 1974, 

another study of children in WenJiaTun and Sandaohao, at the eastern edge of the contamination 

zone, also found similar symptoms (data not shown in the 1979 report). The authors speculate 

that the symptoms may have been due to the increased concentrations of sulfates (>300 mg/L) in 

the drinking water in these areas in 1974, rather than the relatively low concentrations of 

hexavalent chromium (0.003-0.05 mg/L). 

Zhang and Li (1987, 1986) also conducted hematological assessments of 12 individuals 

in 1965, and another study of93 individuals (time not specified). The exact location of the 

participants was not specified, but they were said to be from "highly polluted" or "high density 

contamination" areas. White blood cell counts were elevated in the first study, and the number 

of neutrophilic granulocytes and what was termed "juvenile cells" among these granulocytes was 

elevated in the second study. 

Kings County/San Bernardino County, California (Fryzek et ai., 2001) 

A study of areas in Kings County and San Bernardino County, California, compared 

cancer mortality in locations near natural gas compressor plants with areas not located near the 
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plants (Fryzek et aI., 2001). Hexavalent chromium compounds had been used as anti-corrosion 

additives in cooling tower water at the gas plants during the period 1950 to approximately 1980. 

Waste material was released to surface ponds and was subject to percolation to groundwater. 

Cooling tower water was also aerosolized and transported to the ground surface where it may 

have contacted soil, crops, and surface water. Thus, exposures to hexavalent chromium may 

have occurred by several routes (i.e., inhalation, ingestion, and dermal contact). Mortality 

records for zip codes for the cities of Kettleman City (in Kings County), and Hinkley and 

Topock (in San Bernadino County), in which natural gas compressor plants were located, were 

compared to records from zip codes in Kings County and San Bernadino County, other than 

those encompassing these three cities. The study included mortality records for the period 1989-

1998, during which time 2,226,214 deaths were recorded. Age-adjusted cancer mortality rate 

ratios (rate in areas near the plant/rate in comparison areas) were 1.03 (95% CI 0.90-1.17) for 

lung cancer death, 0.93 (95% CI 0.87-1.00) for all cancer deaths, and 0.98 (95% CI 0.95-1.02) 

for all deaths. Rate ratios for stomach cancer were not reported. This study found no significant 

difference between mortality or cancer mortality among residents from zip codes in which gas 

plants that used hexavalent chromium additives in cooling tower water were located compared to 

residents of other nearby areas without such plants. An important limitation of this study is that 

exposure assignment was based on zip code, rather than on individual-level data, which is likely 

to result in significant exposure misclassification. 

Nebraska (Bednar and Kies, 1991) 

Bednar and Kies (1991) compared levels of chromium (and other chemicals) in drinking 

water in Nebraska counties with death rates in these same areas. Data on chromium in drinking 

water were obtained for each of 453 communities (all incorporated communities of Nebraska) 

for the period 1986-1987, and mortality data for each Nebraska county was obtained for the year 

1986 (both compiled by the Nebraska Department of Health). Mean total chromium 

concentration in drinking water for the 453 communities was 0.002 mg chromiumlL (range 

<0.001-0.01 mg chromium/L); the study report did not indicate valence state of chromium 

detected in these drinking water samples. Possible associations between chromium exposure and 

health outcomes were assessed by linear correlation (Pearson) of mortality rates (at the county 

level) and chromium concentrations in drinking water (presumably aggregated from community 

data to represent counties). Correlations were reportedly explored for mortality from cancer, 

cerebrovascular disease, heart disease, pneumonia, and chronic lung disease; however, only one 

chromium correlation coefficient was reported to be statistically significant, that for death from 

chronic lung disease, and the correlation was negative (-0.101,p = 0.03). As with the other 

studies of this design, a major limitation is that exposures to chromium cannot be estimated for 

individual subjects in the study and may not be accurately represented by the drinking water 

chromium measurements. For example, the 1986-1987 drinking water data do not necessarily 
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represent long-term exposure patterns, and an individual represented in a county death record 

does not necessarily mean that the individual resided in the county for their lifetime or any 

significant fraction of their lifetime. 

Glasgow, United Kingdom (Eizaguirre-Garcia et ai., 2000, 1999) 

Eizaguirre-Garcia et ai. (2000, 1999) examined risk of leukemia and birth defects in 

people residing near the site of a former chromium processing facility in Glasgow, United 

Kingdom. The factory was in operation for >100 years and ceased operations in 1967. A survey 

conducted in 1991 found average soil concentrations at the site of operations of 8, 164 mg/kg for 

total chromium and 848 mg/kg for hexavalent chromium. Soil concentrations of total chromium 

and hexavalent chromium approximately 2-3 km from the factory site were reported as 

"approximately half' of those at the site; no additional information on soil levels off-site were 

reported (Eizaguirre-Garcia et aI., 2000, 1999). Reported cases ofleukemia for the period 1975-

1989 were obtained from the Scottish Cancer Registration, during which 1,205 cases ofleukemia 

were reported in a population of873,643 (Eizaguirre-Garcia et aI., 1999). Leukemia cases were 

aggregated at the level of Enumeration Districts (EDs) (approximately 350-500 individuals per 

district). When stratified by distance of the EDs from the plant (out to 9-10 km), relative risks of 

leukemia (0-2 km as reference) were unrelated to distance. When other influential variables 

were included in a Poisson regression model (gender, socioeconomic status, and age) in addition 

to distance ofEDs from the plant (0-4,4-9,9-10 km), relative risk was significant (1.29,95% 

CI 1.07-1.56) for EDs 4-9 km from the plant (relative to 0-4 km), but not for EDs 9-10 km 

from the plant. These results suggest that leukemia risk increased with distance from the plant 

(i.e., 4-9> 0-4 km) and then declined with further distance (i.e., 9-10 = 0-4 km). This pattern 

does not strongly implicate the plant as a major contributor to leukemia risk. 

A similar study of risk of birth defects was conducted on the same population 

(Eizaguirre-Garcia et aI., 2000). In this study, data on number of births and congenital 

malformations were collected for the period 1982-1989. Case definitions (not reported) 

followed those of the European-wide EURCAT network (http://www.eurocat.ulster.ac.ukl). The 

study included 2,778 cases from a population of 81,057 births; cases were aggregated at the level 

ofEDs. When distance from the plant (0-1,2-4,4-10 km) and socioeconomic status were 

included in a Poisson regression model, relative risk was significant for the EDs in the 2-4 km 

category (1.47,95% CI 1.2-1.7) and the 4-10 km category (1.25, 95% CI 1.05-1.49); however, 

both distance categories were associated with higher risks than the closest distance category, 0-

1 km. Similar to the results for leukemia, this pattern does not strongly implicate the plant as a 

major contributor to risk of congenital anomalies. Not taken into consideration in this study 

were several other potentially influential variables on developmental outcomes; for example, 

maternal age and health, smoking, and alcohol consumption. 
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Summary 

The Liaoning Province studies provide the most detailed analysis of all of the 

epidemiological studies that have been conducted with respect to chromium and cancer mortality 

(specifically stomach cancer or other cancers of the digestive system). These studies are 

important in that they examined a population exposed to very high levels of chromium in 

drinking water wells (i.e., sufficient to impart a visible yellow color to the water). Sources of 

exposure include the drinking water, food grown in contaminated soil, and possibly air. Levels 

up to 20 mg/L in well water were documented in the first surveys done in 1965 in the two 

villages closest to the source of exposure (a ferro chromium alloy plant). The contamination 

began sometime between 1959 and 1964; the reporting of a yellowing of the water by local 

residents in 1964 is what led to the investigation and identification of this contamination by the 

local health department. 

The interpretation of the mortality data originally collected by Zhang and Li (1980) 

depends in large part on the choice of referent group. That choice depends on many factors, 

including the perceived comparability and the size of the populations. Larger populations, such 

as a province or state, have the advantage of providing relatively stable estimates, particularly for 

low-incident events such as site-specific cancers. Smaller areas (e.g., a neighboring community) 

offer the advantage of potentially greater similarities in ethnic background, socioeconomic 

status, and occupational and lifestyle factors that may affect cancer risk. However, small 

comparison groups are likely to produce imprecise estimates, and the issue of over-controlling 

may arise, for example, if the comparison population shares the specific exposure of interest (for 

example, with the selection of friends or co-workers in case-control studies). The associations 

presented by Beaumont et al. (2008) using Liaoning Province as the comparison group provide 

evidence of an excess risk in the villages in the contamination zone of mortality from stomach 

cancer (rate ratio 1.69, 95% CI 1.12-2.44) and lung cancer (rate ratio 1.78, 95% CI 1.03-2.87), 

with a small increase also suggested in total cancer mortality (rate ratio 1.23, 95% CI 0.97-1.53). 

The association with stomach cancer mortality is also seen when using the four adjacent areas as 

the referent group (rate ratio 1.82, 95% CI 1.11-2.91), but is weaker when the industrial area 

surrounding the plant, TangZeHi, is removed from the comparison group (rate ratio 1.22, 95% 

CIO.74-2.01). Kerger et al. (2009) believe that the relatively urban environment of TangHeZi 

makes it an inappropriate comparison group for the villages in the contamination zone. With 

respect to stomach cancer, historical trends show clear decreases in the incidence of this cancer 

in a variety of geographical areas, with improvements that come with economic development and 

urbanization (e.g., sanitation, refrigeration) contributing to this decline. An analysis of gastric 

cancer rates in China in 1990-1992 showed lower mortality rates in urban areas (15.3 per 

100,000) compared with rural areas (24.4 per 100,000) (Yang, 2006). However, this same study 

reported little difference between urban and rural rates in 1973-1975 (20.1 and 19.4 per 

100,000 in urban and rural areas, respectively), the relevant time period with respect to the 
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Liaoning Province studies. Thus, EPA does not consider the exclusion of TangZeHi from the 

comparison group to be warranted. 

Another issue regarding the interpretation of the mortality data is the validity of analyses 

of the variability in cancer rates among the five villages in the contamination zone in relation to 

the available exposure measures (distance from the plant, average concentration in wells in 1965, 

and percent of wells with hexavalent chromium levels >0.05 mglL in 1965). There are 

considerable limitations to these measures, including the lack of individual-level data on use of 

water from specific wells over time and the changes in exposure due to efforts to treat the water 

in the most contaminated areas with treatment wells built in 1967. Based on these limitations, 

EPA concluded that the exposure-response analyses presented by Zhang and Li (1997) and 

Kerger et ai. (2009) are not based on the quality of data that is needed to support a conclusion 

regarding the presence or absence of a dose-response among the observed cancer rates in these 

villages. 

4.2. SUB CHRONIC AND CHRONIC STUDIES AND CANCER BIOASSAYS IN 

ANIMALS-ORAL 

The effects of sub chronic oral exposure to hexavalent chromium have been evaluated in 

rats (NTP, 2007; Quinteros et aI., 2007; Rafael et aI., 2007; Acharya et aI., 2001; Chopra et aI., 

1996; Vyskocil et aI., 1993) and mice (NTP, 2007; Asmatullah and Noreen 1999), and the effects 

of chronic oral exposure to hexavalent chromium have been evaluated in rats (NTP, 2008; 

MacKenzie et aI., 1958), mice (NTP, 2008; Borneff et aI., 1968), and dogs (Anwar et aI., 1961). 

The studies conducted by the National Toxicology Program (NTP, 2008, 2007) provide dose

response data on the effects of oral hexavalent chromium exposure based on a comprehensive 

assessment of toxicological endpoints. Effects associated with oral exposure to hexavalent 

chromium as reported in the NTP (2007) subchronic study included hematological effects, 

hepatotoxicity, alterations in lipid metabolism, and histopathological changes in GI tissues and 

pancreatic and mesenteric lymph nodes. The most sensitive hexavalent chromium-induced 

effects were microcytic, hypochromic anemia, increased serum liver enzyme activities, and 

histopathological changes to the duodenum and pancreatic lymph nodes in rats; and 

histopathological changes in the duodenum in mice. The most sensitive noncancer effects in the 

NTP (2008) 2-year toxicology and carcinogenicity study were nonneoplastic histopathological 

changes to the liver, duodenum, and mesenteric lymph nodes in rats and the duodenum, 

mesenteric lymph nodes, and liver in mice. In addition, based on findings of squamous cell 

neoplasms of the oral cavity in rats and neoplasms of the small intestine in mice, NTP (2008) 

concluded that results of this study provide clear evidence of carcinogenic activity of sodium 

dichromate dihydrate. 

Several other oral exposure studies (i.e., Quinteros et aI., 2007; Rafael et aI., 2007; 

Asmatullah and Noreen, 1999; Vyskocil et aI., 1993; Anwar et aI., 1961) do not provide suitable 
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data for identifying NOAELs or LOAELs because comprehensive toxicological endpoints were 

not evaluated in these studies. LOAELs identified by EPA in studies by Acharya et al. (2001) 

and Chopra et al. (1996) were based on evaluation of a limited number of liver endpoints. In 

addition, interpretation of results from these studies was limited due to the small number of 

animals evaluated, lack of dose-response data, or inadequate reporting for estimation of doses in 

mg hexavalent chromium/kg-day. However, results of these studies are useful for identification 

of potential adverse effects of oral hexavalent chromium exposure. Subchronic and chronic 

studies are summarized in Section 4.5, Synthesis of Maj or Noncancer Effects-Oral, Table 4-26. 

4.2.1. Subchronic Oral Exposure 

NTP, 2007 

NTP (2007) conducted a 3-month toxicology study of sodium dichromate dihydrate in 

drinking water in rats and mice. This study was divided into three separate studies evaluating 

effects of treatment in: (1) male and female F344IN rats, (2) male and female B6C3F1 mice, and 

(3) three strains of male mice (B6C3F 1, BALB/c, and am3-C57BL/6). In the 3-month study in 

F344IN rats, groups of 10 males and 10 females ("core" study animals) were exposed to sodium 

dichromate dihydrate in drinking water at concentrations ofO, 62.5, 125,250,500, or 1,000 mg 

sodium dichromate dihydratelL (equivalent to 0, 21.8, 43.6, 87.2, 174.5, or 348 mg hexavalent 

chromiumIL, respectively) for 3 months. Based on water consumption monitored throughout the 

study, NTP (2007) calculated average daily doses over the 3-month treatment duration of 

approximately 0, 5, 10, 17,32, or 60 mg sodium dichromate dihydrate/kg-day (equivalent to 0, 

1.7,3.5, 5.9, 11.2, or 20.9 mg hexavalent chromium/kg-day, respectively) for both males and 

females. An additional 10 male and 10 female rats ("clinical pathology" animals) were exposed 

to the same concentrations of sodium dichromate dihydrate for 4 weeks. "Core" study animals 

were observed twice daily for mortality and clinical signs of toxicity; water consumption and 

body weights were recorded weekly. Blood was collected from "clinical pathology" animals on 

treatment days 5 and 23 and from "core" study animals at study termination for comprehensive 

hematology and clinical chemistry endpoints. Urine was collected from "clinical pathology" 

animals on day 16 and analyzed for comprehensive urinalytic endpoints. At study termination, 

necropsies were performed on all "core" study animals, with organ weights recorded for heart, 

right kidney, liver, lung, spleen, right testis, and thymus. Microscopic examinations of 

comprehensive tissues were conducted in all "core" study animals in the control and 20.9 mg 

hexavalent chromium/kg-day (high-dose) groups and on six "core" study animals from each of 

the other treatment groups. In addition, all tissues identified as target organs in the 20.9 mg 

hexavalent chromium/kg-day (high-dose) group were examined in lower dose groups until a no

effect level was identified or all animals were examined. 

No mortalities were observed in male or female rats exposed to sodium dichromate 

dihydrate in drinking water for 3 months (NTP, 2007). Final body weights in male rats were 
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significantly decreased by 5 and 11 % in the 11.2 and 20.9 mg hexavalent chromium/kg-day 

groups, respectively, compared to controls. In females, final body weight was significantly 

decreased by 9% in the 20.9 mg hexavalent chromium/kg-day group compared to controls. In 

males and females in the 2':5.9 mg hexavalent chromium/kg-day groups, water consumption was 

decreased (statistical significance not reported). Data on food consumption were not reported. 

No treatment-related signs of clinical toxicity were observed throughout the study. 

Results of hematology analyses show that exposure of male and female rats to sodium 

dichromate dihydrate in drinking water produced microcytic, hypochromic anemia, characterized 

by decreases in mean cell volume (MCV), hematocrit (Rct), hemoglobin (Rgb), and mean cell 

hemoglobin (MCR) (NTP, 2007). In general, the severity of this anemia exhibited a dose 

response, with the more pronounced effects observed at the 23-day time point versus the 3-

month time point (Table 4-4). After 5 days of exposure, small changes were observed in several 

hematological parameters; however, decreases in all treatment groups were :S5% compared to 

controls. More severe, dose-related effects were observed after 23 days of treatment, with 

changes observed in all treatment groups in males and females. Similar effects were observed 

after 3 months of treatment, although severity at 3 months was generally less than that observed 

at 23 days, indicating a compensatory hematopoietic response. Some of the hematological 

parameters, e.g., hematocrit and erythrocyte counts of male rats treated for 3 months, although 

decreased significantly, were within normal ranges. In female rats, the direction of the changes 

in mean cell hemoglobin and erythrocyte count at 23 days differed from those at 3 months. 

Blood smears showed evidence of erythrocyte injury or increased turnover, including erythrocyte 

fragments, keratocytes, and blebbing (incidence data not reported). Increased reticulocyte counts 

and nucleated erythrocytes, indicative of a compensatory hematopoietic response, were also 

observed in both sexes at 23 days and 3 months; however, these increases did not exhibit a 

consistent pattern of dose- or duration-dependence. Dose-dependent increases in platelet counts 

occurred at 23 days in all treatment groups compared to controls; however, severity was 

decreased at 3 months (Table 4-4). NTP (2007) stated that increased platelet counts are 

consistent with compensatory hematopoiesis or an iron deficiency. Increased neutrophil and 

monocyte counts were observed at higher doses ~5.9 and 2':3.5 mg hexavalent chromium/kg-day 

in males and females, respectively) and were considered by NTP (2007) to reflect an 

inflammatory response related to the inflammatory gastric lesions. Results of hematological 

analyses showed that exposure of rats to sodium dichromate dihydrate in drinking water at daily 

doses 2':1.7 mg hexavalent chromium/kg-day produced microcytic, hypochromic anemia, but that 

severity decreased slightly as exposure duration increased from 23 days to 3 months. 
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Table 4-4. Hematological effects in male and female F344IN rats exposed to 
sodium dichromate dihydrate in drinking water for up to 3 months 

Hematological Time on Treatment group (mg hexavalent chromium/kg-d) 

parameter treatment 0 1.7 3.5 5.9 11.2 20.9 

Males 

Rct (%) 23 D 48.0 ± 0.5" 44.7 ± 0.7b 39.8 ± 0.8b 36.2 ± LOb 34.4 ± 0.5b 32.3 ± 1.1b 

(93.1) (82.9) (75.4) (71.7) (67.3) 

3Mo 45.7 ± 0.2 45.2 ± 0.4 45.2 ± 0.3 44.8 ± 0.7 42.9 ± O.4b 36.9 ± 0.8b 

(98.9) (98.9) (98.0) (93.9) (80.7) 

Rgb (gldL) 23 D 15.9 ± 0.1 14.2 ± 0.2b 12.0 ± 0.3b 10.9 ± 0.3b 10.3 ± 0.3b 9.2 ± 0.3b 

(89.3) (75.5) (68.6) (64.8) (57.9) 

3Mo 15.3 ± 0.1 15.2 ± 0.1 15.0 ± 0.1 14.4 ± 0.2b 13.3 ±0.2b 10.9 ± 0.3b 

(99.3) (98.0) (94.1) (86.9) (71.2) 

MCV(fL) 23 D 61.1 ± 0.5 53.6 ± 0.6b 48.0 ± O.4b 46.4 ± 0.6b 46.2 ± 0.3b 46.4 ± 0.5b 

(87.7) (78.6) (75.9) (75.6) (75.9) 

3Mo 51.8±0.1 50.3 ± 0.2b 49.0 ± O.lb 44.4 ± LOb 39.7 ± 0.5b 36.0 ± O.4b 

(97.1) (94.6) (85.7) (76.6) (69.5) 

MCR (pg) 23 D 20.1 ± 0.2 16.9 ± 0.2b 17.2 ± 0.7b 18.2 ± 0.4 19.7 ± 0.3 20.7 ± 0.6 
(84.0) (85.6) (90.5) (98.1) (103.0) 

3Mo 17.3 ± 0.1 16.9 ± O.lb 16.2 ± O.lb 14.2±0.4b 12.3 ± 0.2b 13.0±0.5b 

(97.7) (93.6) (82.1) (71.1) (75.1) 

Erythrocyte 23 D 7.94± 8.38 ± 0.11 7.13 ± 0.35c 6.0 ± 0.28b 5.25 ± 0.19b 4.54 ± 0.33b 

count (106/!1L) 0.10 (105.5) (89.8) (75.6) (66.1) (57.2) 

3Mo 8.88± 9.04 ± 0.09c 9.25 ± 0.07b 10.15 ± 0.22b 10.87 ± 0.07b 8.52 ± 0.45b 

0.05 (101.8) (104.2) (114.3) (122.4) (95.9) 

Platelet count 23 D 745.2 ± 1,065.3 ± 2,768.6 ± 3,504.7 ± 4,226.0 ± 4,688.8 ± 
(106/!1L) 22.2 67.9b 328.5b 235.0b 204.5b 242.7b 

(143) (372) (470) (567) (629) 

3Mo 618.6 ± 736.1 ± 11.5 604.3 ± 24.5 909.8 ± 119.1b 1,743.1 ± 5,123.0 ± 
20.0 (119) (98) (147) 178.0b 638.9b 

(282) (828) 

Females 

Rct (%) 23 D 48.0 ± O.4a 46.6 ± 0.9 42.9 ± 0.8b 39.2 ± 0.7b 37.2 ± 0.7b 33.4 ± 0.6b 

(97.1) (89.4) (81.7) (79.6) (69.6) 

3Mo 44.6 ± 0.4 45.2 ± 0.1 44.1 ± 0.3 42.9 ± 0.2b 42.6 ± 0.5b 38.3 ± 0.5b 

(101.3) (98.9) (96.2) (95.5) (85.9) 

Rgb (gldL) 23 D 15.9 ± 0.1 14.7 ± 0.3b 13.0 ± 0.3b 11.8 ± 0.3b 10.9 ±0.2b 9.7 ± 0.2b 
(92.5) (81.8) (74.2) (68.6) (61.0) 

3Mo 15.2 ± 0.1 15.4 ± 0.1 14.9 ± 0.1 14.3±0.lb 14.1 ± 0.2b 12.0 ± 0.2b 
(101.3) (98.0) (94.1) (92.8) (78.9) 

MCV(fL) 23 D 61.1 ± 0.4 53.9 ± 0.5b 48.8 ± 0.5b 46.6 ± 0.6b 45.7 ± O.4b 46.5 ± 0.5b 

(88.2) (79.9) (76.3) (74.8) (76.1) 

3Mo 53.3 ± 0.1 53.3 ± 0.1 52.4 ± 0.2b 50.5 ± 0.3b 48.0 ± 0.9b 40.0 ± 0.7b 

(100) (98.3) (94.7) (90.1) (75.0) 

MCR (pg) 23 D 20.4 ± 0.1 17.3 ± 0.2 18.0 ± 0.3 18.9 ± 0.7 21.0 ± 0.6 23.1±0.5 
(84.8) (88.2) (92.6) (102.9) (113.2) 

3Mo 18.4 ± 0.1 17.9 ± O.lb 17.8 ± O.lb 16.9 ± O.lb 15.9 ± O.4b 12.5 ± 0.3b 

(97.3) (96.7) (91.8) (86.4) (67.9) 
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Table 4-4. Hematological effects in male and female F344IN rats exposed to 
sodium dichromate dihydrate in drinking water for up to 3 months 

Hematological Time on Treatment group (mg hexavalent chromium/kg-d) 

parameter treatment 0 1.7 3.5 5.9 11.2 20.9 

Erythrocyte 23 D 7.82± 8.52 ± 0.14 7.22 ± 0.19 6.32 ± 0.36b 5.27 ± 0.23b 4.21 ± 0.16c 

count (106/!1L) 0.09 (109.0) (92.3) (80.8) (67.4) (53.8) 

3Mo 8.30 ± 8.60 ± 0.05b 8.40 ± 0.04c 8.47 ± 0.04c 8.93 ± O.llb 9.62 ± O.lOb 

0.06 (103.6) (101.2) (102.0) (107.6) (115.9) 

Platelet count 23 D 611.5± 1,156.3 ± 2,808.8 ± 3,295.0 ± 4,318.4 ± 5,132.8 ± 
(lO%lL) 43.7 76.4b 198.5b 349.7b 234.9b 247.0b 

(189) (459) (539) (706) (839) 

3Mo 588.9 ± 605.8± 17.1 574.8 ± 21.3 528.2± 14.1 619.3 ± 55.4 1,524.9 ± 
17.1 (103) (98) (90) (105) 193.3b 

(259) 

aValues are means ± SE; values in parenthesis are percent of control; n = 10 rats/group, with the following 
exceptions: 1.7 mg hexavalent chromiumlkg-d group females on d 23 and mo 3 (n = 9), 3.5 mg hexavalent 
chromiumlkg-d group females on d 23 (n = 8), 5.9 mg hexavalent chromiumlkg-d group females on d 23 (n = 9), 
and 20.9 mg hexavalent chromiumlkg-d group females on d 23 and mo 3 (n = 9). 
bSignificantly different (p::; 0.01) from the control group by Dunn's or Shirley's test. 
CSignificantly different (p ::; 0.05) from the control group by Dunn's or Shirley's test. 

Source: NTP (2007). 

Results of clinical chemistry analyses in male and female rats exposed to sodium 

dichromate dihydrate in drinking water showed treatment-related increases in serum liver 

enzyme activities, bile acids, and serum creatine kinase activity and alterations in lipid 

metabolism (Table 4-5) (NTP, 2007). Serum alanine aminotransferase (ALT) and sorbitol 

dehydrogenase (SDH) activities were significantly increased compared to controls in all 

treatment groups at 3 months, with less severe effects seen at 23 days. A consistent relationship 

between severity and dose was not observed. In male rats, elevations of ALT and SDH activities 

increased with increasing dose between 1.7 and 11.2 mglkg-day, but less severe elevations were 

observed at 20.9 mglkg-day (Table 4-5). In females, increases in ALT and SDH activities were 

generally indicative of a uniform effect across the dose range (Table 4-5). NTP (2007) suggested 

that increases are consistent with hepatocellular injury or membrane leakage. At 3 months, bile 

acids were significantly increased compared to controls at2':11.2 mg hexavalent chromium/kg

day in males and in all treatment groups (except 5.9 mg hexavalent chromium/kg-day) in 

females; similar to serum liver enzymes, increases in bile acids were not consistently related to 

dose. NTP (2007) suggested that increased bile acid was indicative of hepatic toxicity rather 

than colestasis, as other markers of colestasis (e.g., alkaline phosphatase [AP] and 5N

nucleotidase) were not affected by treatment. At 3 months, decreased serum cholesterol and 

triglycerides, indicative of altered lipid metabolism, were observed; however, a consistent 

relationship between severity and dose was not observed. At 3 months, dose-related increases in 

serum creatine kinase activity, indicative of muscle damage, were observed in males and females 
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at 2':5.9 mg hexavalent chromium/kg-day. Urinalysis showed dose-related decreased volume and 

increased specific gravity, consistent with decreased water intake. NTP (2007) suggested that 

decreased water intake was due to decreased palatability. Other changes in clinical chemistry 

and urinalysis parameters were transient, with no apparent relationship to treatment. Results of 

clinical chemistry analyses indicated that exposure of rats to sodium dichromate dihydrate in 

drinking water induced hepatocellular membrane damage or cytotoxicity (both sexes) and 

increased bile acids (females) at doses 2':1.7 mg hexavalent chromium/kg-day (both sexes). 

Table 4-5. Clinical chemistry effects in male and female F344IN rats 
exposed to sodium dichromate dihydrate in drinking water for 3 months 

Clinical chemistry Time on Treatment group (mg hexavalent chromium/kg-d) 

parameter treatment 0 1.7 3.5 5.9 11.2 

Males 

ALT (lUlL) 3Mo 98 ± 6a 274 ± 30c 461 ± 102c 447 ± 121c 740 ± 81 c 
(280) (470) (456) (755) 

SDH (lUlL) 3Mo 31 ± 2 55 ± 5c 110 ± 24c 102 ± 24c 173 ± 20c 

(177) (355) (329) (558) 

Bile acids (!1mo11L) 3Mo 22.0 ± 2.2 24.0 ± 3.4 34.5 ± 7.0 32.6 ± 5.3 45.3 ± 2.8c 

(109) (157) (148) (206) 

Cholesterol (mgldL) 3Mo 89±2 95 ±2 86±4 65 ± 2c 86 ± 3b 

(107) (97) (73) (97) 

Triglycerides 3Mo 170 ± 9 169 ± 8 172 ± 15 170 ± 13 164 ± 12 
(mgldL) (99) (101) (100) (96) 

Creatine kinase 3Mo 214 ± 26 286 ± 32 291 ± 36 364 ± 23 c 413 ± 16c 

(lUlL) (134) (136) (170) (193) 

Females 

ALT (lUlL) 3Mo 64 ± 5a 437 ± 68c 218 ± 27c 245 ± 30c 246 ± 37c 

(683) (340) (383) (384) 

SDH (lUlL) 3Mo 22±2 101 ± 17c 65 ± lOc 81 ± 13c 96 ± 20c 

(459) (295) (368) (436) 

Bile acids (!1mo11L) 3Mo 19.7 ± 2.5 50.4 ± 6.0c 39.9 ± 4.3c 35.3 ± 3.5 45.3 ± 5.6c 

(256) (203) (179) (230) 

Cholesterol (mgldL) 3Mo 95 ±2 111 ± 4 94±2 87±2 83 ± 2b 
(117) (99) (92) (87) 

Triglycerides 3Mo 139 ± 18 116 ± 10 98± 9 81 ± 4c 76 ± 7c 

(mgldL) (93) (70) (58) (55) 

Creatine kinase 3Mo 197 ± 23 311 ± 94 265 ± 23 296 ± 24c 359 ± 23 c 

(lUlL) (158) (135) (150) (182) 

20.9 

191 ± 17c 

(195) 

59 ± 6c 

(190) 

28.1 ± 2.0c 
(128) 

71 ± 2c 

(80) 

98 ± 8c 

(57) 

374 ± 44c 

(175) 

248 ± 22c 

(387) 

103 ± 12c 

(468) 

38.7 ± 3.2b 
(196) 

79 ± 2c 

(83) 

59 ± 6c 

(42) 

432 ± 48c 

(219) 

aValues are means ± SE; values in parenthesis are percent of control; n = 10 rats/group, with the following 
exceptions: control group males (n = 9), 1.7 mg hexavalent chromiumlkg-d group females (n = 9), and 20.9 mg 
hexavalent chromiumlkg-d group females (n = 9). 
bSignificantly different (p::; 0.05) from the control group by Dunn's or Shirley's test. 
CSignificantly different (p ::; 0.01) from the control group by Dunn's or Shirley's test. 

Source: NTP (2007). 
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Changes in organ weights in rats exposed to sodium dichromate dihydrate in drinking 

water for 3 months are summarized in Table 4-6 (NTP, 2007). Treatment-related effects were 

generally observed at doses 2':11.2 mg hexavalent chromium/kg-day. In males, decreases were 

observed in absolute and relative liver weights and in absolute and relative spleen weights; in 

females, relative right kidney weights and relative spleen weights were increased. Changes in 

weights of other organs were considered by NTP (2007) to be secondary to changes in body 

weight rather than due to adverse effects of treatment. 

Table 4-6. Selected organ weights in male and female F344IN rats exposed 
to sodium dichromate dihydrate in drinking water for 3 months 

Treatment group (mg hexavalent chromium/kg-d) 

Organ 0 1.7 3.5 5.9 11.2 

Males 

Liver, absolute weight 10.89 ± 0.42a 10.30 ± 0.28 11.45 ± 0.38 10.51 ± 0.18 9.20 ± 0.17b 

Liver, relative weightC 32.91 ± 0.65 31.91 ± 0.61 33.98 ± 0.75 31.90 ± 0.54 29.15 ± 0.53d 

Spleen, absolute weight 0.64 ± 0.02 0.60 ± 0.01 0.62 ± 0.02 0.60 ± 0.02 0.53 ± O.Olb 

Spleen, relative weightC 1.94 ± 0.03 1.85 ± 0.03 1.83 ± 0.04 1.81 ± 0.05d 1.69 ± O.02b 

Females 

Right kidney, relative weight 3.34 ± 0.09a 3.32 ± 0.04 3.55 ± 0.05 3.55 ± 0.07 3.58 ± O.lOd 

Spleen, relative weightC 2.12 ± 0.05 2.04 ± 0.03 2.16 ± 0.05 2.22 ± 0.03 2.25 ± 0.05d 

aValues are means ± SE; n = 10 rats/group. 
bSignificantly different (p::; 0.01) from the control group by Williams's or Dunnett's test. 
CRelative weight = mg organ weightlg body weight. 
dSignificantly different (p::; 0.05) from the control group by Williams's or Dunnett's test. 

Source: NTP (2007). 

20.9 

8.88 ± 0.18b 

29.80 ± 0.35b 

0.60±0.0Ib 

2.00 ± 0.03 

3.63 ± 0.09d 

2.39 ± 0.03 d 

Gross and microscopic examinations of male and female rats exposed to sodium 

dichromate dihydrate in drinking water for 3 months showed nonneoplastic lesions of the 

duodenum, glandular stomach, pancreatic lymph nodes, liver (females only), and bone marrow 

(females only) (NTP, 2007); incidence data are summarized in Table 4-7. The incidence of 

minimal-to-mild duodenal histiocytic cellular infiltration was increased in males and females at 

2':3.5 and 2':1.7 mg hexavalent chromium/kg-day, respectively, compared to controls; incidence 

increased with dose. Histiocytic cellular inflammation appeared as multifocal, randomly 

scattered, small clusters of enlarged macrophages with pale foamy cytoplasm. Incidences of 

nonneoplastic lesions of the glandular stomach (ulcer, focal regenerative hyperplasia, and focal 

squamous hyperplasia, all mild-to-moderate in severity) were increased in rats in the highest 

dose group. Microscopically, ulcers were characterized by complete loss of the lining of the 

mucosal epithelium with necrosis, often extending through to the submucosa, and muscle layers; 

mild to marked chronic inflammation (infiltrates of neutrophils, macrophages, lymphocytes, and 
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eosinophils); and proliferation of fibrous connective tissue through the submucosa. Lesions were 

not observed in the forestomach. Microscopic examinations of the oral mucosa and tongue in a 

retrospective analysis conducted by NTP revealed nonneoplastic lesions in 4 rats that were not 

considered by NTP to be treatment-related. In males, significant increases in the incidence of 

minimal histiocytic cellular infiltration of pancreatic lymph nodes were observed at 1.7, 5.9, 

11.2, and 20.9 mg hexavalent chromium/kg-day, without a clear dose-response relationship, 

whereas significantly increased incidences and severity of pancreatic lymph node sinusoidal 

ectasia and lymphoid hyperplasia were only seen at the highest dose; in females, significant 

increases in the incidences and severity of nonneoplastic lesions of pancreatic lymph nodes were 

only observed at the highest dose. Microscopically, lymphoid hyperplasia was characterized by 

minimal-to-mild lymphocyte proliferation, and sinusoid ectasia was characterized by minimal-to

mild dilatation of the subcapsular or medullary sinuses; histiocytic cellular infiltration was 

similar to that observed in the duodenum. Minimal-to-mild histiocytic cellular infiltration was 

observed in all groups including control animals. The increase in the incidences in the lower dose 

groups was not statistically significant. In the liver of females, a dose-dependent increase in the 

incidence of histiocytic cellular infiltration was observed at 2':3.5 mg hexavalent chromium/kg

day. Minimal chronic inflammation in female liver was observed in three of the control animals 

and in a few of the animals at doses up to 11.2 mg/kg-day. The incidence of chronic 

inflammation in female rats was not dose dependent; however, the incidence was increased 

significantly in the highest dose group. Although serum liver enzymes were statistically 

significantly increased in all treatment groups (discussed above), significant histopathological 

changes to the livers of male rats were not observed. The incidence of bone marrow hyperplasia 

was significantly increased in high-dose females. This observation is consistent with an increase 

in hematopoiesis in response to hexavalent chromium-induced microcytic, hypochromic anemia. 
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Table 4-7. Incidence of nonneoplastic lesions observed in male and female 
F344IN rats exposed to sodium dichromate dihydrate in drinking water for 
3 months 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 1.7 3.5 5.9 11.2 

Males 

Duodenum (histiocytic cellular O/lOa 0/10 7/lOb 9/lOb 8/10b 

infiltration) (1.1) (1.2) (1.4) 

Stomach, glandular (ulcer) 0/10 0/10 0/10 0/10 0/10 

Stomach, glandular (focal 0/10 0/10 0/10 0/10 0/10 
regenerative hyperplasia) 

Stomach, glandular (focal 0/10 0/10 0/10 0/10 1/10 
squamous hyperplasia) (2.0) 

Pancreatic lymph node (ectasia) 0/10 0/10 0/10 0/10 1/10 
(1.0) 

Pancreatic lymph node (lymphoid 0/10 0/10 0/10 3/10 3/10 
hyperplasia) (1.0) (1.0) 

Pancreatic lymph node (histiocytic 0/10 5/lOc 2/10 4/lOc 5/lOc 

cellular infiltration) (1.0) (1.0) (1.0) (1.0) 

Females 

Duodenum (histiocytic cellular O/lOa 1/10 5/lOc 7/lOb 8/10b 

infiltration) (1.0) (1.0) (1.4) (1.6) 

Stomach, glandular (ulcer) 0/10 0/10 0/10 0/10 0/10 

Stomach, glandular (focal 0/10 0/10 0/10 0/10 0/10 
regenerative hyperplasia) 

Stomach, glandular (focal 0/10 0/10 0/10 0/10 0/10 
squamous hyperplasia) 

Pancreatic lymph node (ectasia) 0/10 0/10 0/10 0/10 1/10 
(1.0) 

Pancreatic lymph node (lymphoid 0/10 0/10 2/10 0/10 0/10 
hyperplasia) (1.5) 

Pancreatic lymph node (histiocytic 4/10 8/10 7/10 7/10 7/10 
cellular infiltration) (1.0) (1.4) (1.7) (1.3) (1.7) 

Liver (histiocytic cellular 0/10 3/10 6/lOb 6/lOb 9/lOb 

infiltration) (1.3) (1.0) (1.0) (1.2) 

Liver (chronic focal inflammation) 3/10 5/10 2/10 7/10 2/10 
(1.0) (1.0) (1.0) (1.0) (1.0) 

Bone marrow (hyperplasia) 0/10 0/10 0/10 0/10 0/10 

20.9 

7/lOb 

(1.4) 

8/10b 

(3.0) 

lO/lOb 

(2.2) 

7/lOb 

(2.6) 

lO/lOb 

(1.7) 

6/lOb 

(2.7) 

9/lOb 

(1.9) 

lO/lOb 

(1.7) 

lO/lOb 

(3.5) 

lO/lOb 

(2.0) 

lO/lOb 

(2.4) 

lO/lOb 

(1.8) 

lO/lOb 

(2.1) 

9/10c 

(1.9) 

8/10b 

(1.0) 

lO/lOb 

(1.0) 

4/10c 

(1.0) 

aNumber of animals with lesion/number of animals examined; parenthesis indicate average severity grade, with 
1 = minimal' 2 = mild' 3 = moderate' 4 = severe 
bSignificantl~ different (p::; 0.01) fr;m the cont;ol group by Fisher's exact test. 
CSignificantly different (p ::; 0.05) from the control group by Fisher's exact test. 

Source: NTP (2007). 
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In conclusion, the NTP (2007) 3-month study in F3441N rats exposed to sodium 

dichromate dihydrate in drinking water identified several effects of subchronic oral hexavalent 

chromium exposure, including changes in hematological endpoints (microcytic, hypochromic 

anemia), hepatotoxicity (increased serum enzyme activities, increased serum bile acids, and 

histopathological changes), alterations in lipid metabolism (decreased serum cholesterol and 

triglycerides), possible muscle damage (increased serum creatine kinase activity), and 

histopathological changes in GI tissues (duodenum and glandular stomach) and pancreatic lymph 

nodes. EPA used the results of this study to identify a LOAEL in male and female rats of 1.7 mg 

hexavalent chromium/kg-day; a NOAEL was not identified. In males, the LOAEL was based on 

observations of microcytic, hypochromic anemia (decreased Hct, Hgb, MCV, MCH) observed 

after 23 days and 3 months of exposure, increased serum liver enzyme activities (ALT and 

SDH), and histopathological changes to pancreatic lymph nodes (histiocytic cellular infiltration), 

all observed at daily doses 2':1.7 mg hexavalent chromium/kg-day. In females, the LOAEL was 

based on observations of microcytic, hypochromic anemia (decreased Hgb, MCV, MCH) 

observed after 23 days and 3 months of exposure, and increased serum liver enzyme activities 

(ALT and SDH) and bile acids, all observed at daily doses 2':1.7 mg hexavalent chromium/kg

day. 

In the 3-month study in B6C3Fl mice, groups of 10 males and 10 females were exposed 

to sodium dichromate dihydrate in drinking water at concentrations of 0, 62.5, 125,250,500, or 

1,000 mg sodium dichromate dihydrate/L (equivalent to 0, 21.8, 43.6, 87.2, 174.5, or 348 mg 

hexavalent chromiumIL, respectively) for 3 months (NTP, 2007). Based on water consumption 

monitored throughout the study, NTP (2007) calculated average daily doses over the 3-month 

treatment duration of approximately 0,9,15,26,45, or 80 mg sodium dichromate dihydrate/kg

day (equivalent to 0,3.1, 5.3, 9.1, 15.7, or 27.9 mg hexavalent chromium/kg-day, respectively) 

for both males and females. Mice were subjected to the same evaluations and procedures as 

those described above for "core" study rats (NTP, 2007), except that blood was not analyzed for 

clinical chemistry as the study in mice did not include a group of "clinical pathology" animals 

for evaluation after exposure durations of 5 and 23 days. 

No mortalities were observed in male or female mice exposed to sodium dichromate 

dihydrate in drinking water for 3 months (NTP, 2007). Dose-related significant decreases were 

observed in final body weights in male mice, with decreases reaching 20% (compared with 

control values) in the 27.9 mg hexavalent chromium/kg-day group; in females, dose-related 

decreases in final body weight were observed at 2':5.3 mg hexavalent chromium/kg-day, with 

decreases reaching 13% in the 27.9 mg hexavalent chromium/kg-day group. Drinking water 

consumption was reduced in males at 2':5.3 mg hexavalent chromium/kg-day and in females at 

27.9 mg hexavalent chromium/kg-day (statistical significance not reported). Data on food 

consumption were not reported. No treatment-related signs of clinical toxicity were observed 

throughout the study. 
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Results of hematological analyses showed that mice exposed to sodium dichromate 

dihydrate in drinking water for 3 months developed mild erythrocyte microcytosis (NTP, 2007); 

however, compared to hematological effects observed in rats (described above), effects in mice 

were less severe. In male mice, MCV and MCR were significantly decreased in all treatment 

groups, with maximum decreases of approximately 8%, compared to controls, in the highest dose 

group. In females, MCV and MCR were significantly reduced at2':3.1 and 2':S.2 mg hexavalent 

chromium/kg-day, respectively, with maximum decreases of approximately 9 and 10%, 

respectively, compared to controls, in the highest dose group. Although statistically significant 

(p < O.OS) decreases in MCV were observed in males and females in the 3.1 mg hexavalent 

chromium/kg-day group, decreases were very small (1-2%, compared to controls); at doses up to 

9.1 mg hexavalent chromium/kg-day, decreases in MCV were :SS%, compared with controls. 

Thus, EPA did not consider the mild microcytosis observed at 2':9.1 mg hexavalent chromium/kg

day to represent a clinically significant effect. Erythrocyte counts were slightly increased ($6%, 

compared with controls) at 2':S.2 mg hexavalent chromium/kg-day in females, but not in males. 

Changes in organ weights in mice exposed to sodium dichromate dihydrate in drinking 

water for 3 months are summarized in Table 4-8 (NTP, 2007). In males, absolute liver and right 

kidney weights were decreased at 2':9.1 mg hexavalent chromium/kg-day, although the only 

significant change in relative organ weight was an increase in relative kidney weight at 27.9 mg 

hexavalent chromium/kg-day. In females, absolute liver weight was decreased at doses 

2':1S.7 mg hexavalent chromium/kg-day. Changes in weights of other organs were considered by 

NTP (2007) to be secondary to changes in body weight rather than due to adverse effects of 

treatment. 

Table 4-8. Selected organ weights in male and female B6C3Fl mice exposed 
to sodium dichromate dihydrate in drinking water for 3 months 

Treatment group (mg hexavalent chromium/kg-d) 

Organ 0 3.1 5.3 9.1 

Males 

Right kidney, absolute weight 0.28 ± 0.01 a 0.28 ± 0.01 0.26 ± 0.01 0.26 ± O.Olb 

Right kidney, relative weightd 7.25 ± 0.11 7.68 ± 0.29 7.43 ± 0.35 7.75 ± 0.20 

Liver, absolute weight 1.60 ± 0.08 1.54 ± 0.05 1.50 ± 0.05 1.40 ± 0.05b 

Females 

Liver, absolute weightd 1.15 ± 0.03 a 1.14 ± 0.04 1.06 ± 0.02 1.11 ± 0.04 

aValues are means ± SE; n = 10 mice/group. 
bSignificantly different (p::; 0.05) from the control group by Williams's or Dunnett's test. 
eSignificantly different (p ::; 0.01) from the control group by Williams's or Dunnett's test. 
dRelative weight = mg organ weightlg body weight. 

Source: NTP (2007). 

15.7 27.9 

0.24 ± O.Ole 0.26 ± 0.01 e 

7.76 ± 0.30 8.18 ± 0.07e 

1.33 ± 0.06e 1.34 ± 0.04e 

1.04 ± 0.02b 0.99 ± 0.02e 
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Gross and microscopic examinations of male and female mice exposed to sodium 

dichromate dihydrate in drinking water for 3 months showed nonneoplastic lesions of the 

duodenum and mesenteric lymph nodes (NTP, 2007); incidence data are summarized in 

Table 4-9. In the duodenum, dose-related increases were observed in the incidence of minimal

to-mild histiocytic cellular infiltration in males and females in all treatment groups and in the 

incidence of minimal-to-mild epithelial hyperplasia in males and females at 2':5.3 mg hexavalent 

chromium/kg-day; a slight dose-related increase in severity was observed. The duodenum had 

short, thick duodenal villi, elongated crypts with diffuse hyperplasia, and hyperplastic epithelial 

cells with swollen, vacuolated cytoplasm, and increased numbers of "mitotic figures" (incidence 

data not reported). NTP (2007) stated that the duodenal lesions were indicative of regenerative 

hyperplasia subsequent to epithelial cell injury. Minimal histiocytic cellular infiltration, 

morphologically similar to that observed in rats (discussed above), was observed in mesenteric 

lymph nodes in male and female mice at 2':5.3 mg hexavalent chromium/kg-day. 
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Table 4-9. Incidence of nonneoplastic lesions observed in male and female 
B6C3F 1 mice exposed to sodium dichromate dihydrate in drinking water for 
3 months 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 3.1 5.3 9.1 15.7 

Males 

Duodenum (histiocytic cellular O/lOa 4/lOb 5/lOc lO/lOc lO/lOc 

infiltration) (1.0) (1.0) (1.3) (1.7) 

Duodenum (epithelial hyperplasia) 0/10 0/10 8/lOc lO/lOc lO/lOc 

(1.3) (1.8) (2.1) 

Mesenteric lymph node (histiocytic 0/10 0/9 4/9b 6/8c 3/8 
cellular infiltration) (1.0) (1.0) (2.0) 

Females 

Duodenum (histiocytic cellular O/lOa 7/lOc 8/9c lO/lOc lO/lOc 

infiltration) (1.0) (1.3) (1.3) (1.4) 

Duodenum (epithelial hyperplasia) 0/10 0/10 9/9c lO/lOc lO/lOc 

(1.1) (1.1) (1.5) 

Mesenteric lymph node (histiocytic 0/10 0/10 6/lOc 6/lOc 4/9b 

cellular infiltration) (1.0) (1.0) (1.3) 

27.9 

lO/lOc 

(1.9) 
lO/lOc 

(1.8) 

8/10c 

(1.3) 

lO/lOc 

(1.7) 

lO/lOc 

(1.4) 

9/10c 

(1.1) 

aNumber of animals with lesion/number of animals examined; parenthesis indicate average severity grade, with 
1 = minimal' 2 = mild' 3 = moderate' 4 = severe 
bSignificantl~ different (p::; 0.05) fr;m the cont;ol group by Fisher's exact test. 
CSignificantly different (p ::; 0.01) from the control group by Fisher's exact test. 

Source: NTP (2007). 

In conclusion, the NTP (2007) 3-month study in B6C3F 1 mice exposed to sodium 

dichromate dihydrate in drinking water identified adverse treatment-related hematological effects 

(erythrocytic microcytosis) and histopathological changes to the small intestine (duodenal 

epithelial hyperplasia and cellular histiocytic infiltration) and mesenteric lymph nodes (cellular 

histiocytic infiltration). Based on histopathological changes (i.e., histiocytic cellular infiltration) 

in the duodenum, EPA identified a LOAEL of 3.1 mg hexavalent chromium/kg-day for male and 

female mice; in both sexes, a NOAEL was not identified because the effects were observed at the 

lowest dose tested. Although a statistically significant decrease in MCV also was observed at 

3.1 mg hexavalent chromium/kg-day in males and females, hematological effects (e.g., 

microcytosis) were not considered as the basis of the LOAEL, since decreases in MCV were 

small (1-2%) at the lowest dose tested. 

Finally, NTP (2007) conducted a comparative study in three strains of mice (B6C3F 1, 

BALB/c, and am3-C57BL/6) on the effects of exposure to sodium dichromate dihydrate in 

drinking water for 3 months. This comparative study was conducted to investigate possible 

strain differences in mice based on results of an earlier study reporting hepatotoxicity 

(hepatocellular vacuolization) in BALB/c mice fed 32 mg hexavalent chromium/kg-day in the 
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diet as potassium dichromate (NTP 1996a); no evidence of hepatotoxicity (including 

histopathological changes) was observed in male or female B6C3F1 mice exposed for 3 months 

to sodium dichromate dihydrate in drinking water at doses up to 20.9 mg hexavalent 

chromium/kg-day (NTP, 2007; results summarized above). In the "core" study, groups of 

10 male B6C3F1, 10 male BALB/c, and 5 male am3-C57BL/6 mice were exposed to sodium 

dichromate dihydrate in drinking water at concentrations of 0, 62.5, 125, or 250 mg/L 

(equivalent to 0, 21.8, 43.6, or 87.2 mg hexavalent chromium/L, respectively) for 3 months. The 

am3-C57BL/6 strain of mice is transgenic for a gene that is sensitive to forward and reverse 

mutation, and an additional five males of this strain were exposed to the same concentrations of 

sodium dichromate dihydrate in order to conduct a mutagenesis study exploiting this capability. 

However, this study was not conducted due to technical problems, although blood collected from 

these animals was still analyzed for hematology and clinical chemistry. Based on water 

consumption monitored throughout the study, NTP (2007) calculated average daily doses over 

the 3-month treatment duration of approximately 0, 8, 15, or 25 mg sodium dichromate 

dihydrate/kg-day (equivalent to 0,2.8, 5.2, or 8.7 mg hexavalent chromium/kg-day, respectively) 

for all strains. Animals were observed twice daily for mortality and clinical signs of toxicity; 

body weights were recorded weekly and water consumption was recorded at least every 4 days. 

Blood was collected at the end of the 3-month treatment period and analyzed for hematology and 

clinical chemistry, as described above for "core" study rats (NTP, 2007). At study termination, 

necropsies were performed on all mice, with organ weights recorded for heart, right kidney, liver 

(except B6C3F 1 mice), lung, spleen, right testis, and thymus. Microscopic examination was 

conducted on all gross lesions and masses and selected tissues (liver, forestomach, glandular 

stomach, duodenum, pancreas, kidney, and mesenteric and pancreatic lymph nodes). Sperm 

count and motility were assessed in all study animals, including spermatids per testis and per mg 

testis, spermatids per cauda and per mg cauda, sperm motility, and weights of left cauda, left 

epididymis, and left testis. 

No mortalities were observed in male B6C3F 1, BALB/c, or am3-C57BL/6 mice exposed 

to sodium dichromate dihydrate in drinking water for 3 months (NTP, 2007). In the 5.2 and 

8.7 mg hexavalent chromium/kg-day groups, final body weights were significantly decreased 

(compared to controls) by 9 and 12%, respectively, in B6C3F 1 mice and by 7 and 11 %, 

respectively, in BALB/c mice. Final body weight was reduced in all treatment groups in 

am3-C57BL/6 mice, with decreases reaching 44% in the 8.7 mg hexavalent chromium/kg-day 

group. Water consumption was reduced at 8.7 mg hexavalent chromium/kg-day in all three 

strains. Data on food consumption were not reported. No treatment-related signs of clinical 

toxicity were observed in B6C3F 1 or am3-C57BL/6 mice. In BALB/c mice, ruffled fur was 

observed at 8.7 mg hexavalent chromium/kg-day. 

Results of hematology analyses show that male B6C3F 1, BALB/c, and am3-C57BL/6 

mice exposed to sodium dichromate dihydrate in drinking water for 3 months developed mild 
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erythrocyte microcytosis (e.g., MCV) and small decreases in MCR, with changes observed in 

most treatment groups (Table 4-10) (NTP, 2007). In the 2.8 and 5.2 mg hexavalent 

chromium/kg-day groups, decreases in MCV and MCR were ~7%, compared with controls, with 

slightly greater decreases at 8.7 mg hexavalent chromium/kg-day. Erythrocyte counts were 

significantly increased in B6C3F1 mice (7% at 8.7 mg hexavalent chromium/kg-day) and in 

BALB/c mice (2 and 5% at 5.2 and 8.7 mg hexavalent chromium/kg-day, respectively), but not 

in am3-C57BL/6 mice. Rgb and Rct were decreased by approximately 5%, in am3-C57BL/6 

mice at 8.7 mg hexavalent chromium/kg-day, compared with controls, but not in B6C3F1 or 

BALB/c mice. Compared with hematological effects observed in rats (described previously), 

effects in mice were much less severe. Clinical chemistry analysis showed small increases 

(1.2- to 1.3-fold) in ALT at 2':5.2 mg hexavalent chromium/kg-day in BALB/c mice and a 

1.9-fold increase in ALT in am3-C57BL/6 mice; in B6C3F1 mice, no increases in serum liver 

enzyme activities were observed. Decreases in various absolute and relative organ weights were 

observed at 2':5.2 mg hexavalent chromium/kg-day. NTP (2007) considered all changes to be 

related to decreased body weight, except for a significant decrease (29% compared with controls; 

p ~ 0.05) in absolute thymus weight in B6C3F 1 mice in the 8.7 mg hexavalent chromium/kg-day 

group; however, relative thymus weight was not different from controls in any treatment group. 

No treatment-related effects were observed for reproductive tissue evaluations or other 

reproductive parameters, except for a significant decrease (12.4% compared to controls; 

p ~ 0.01) in absolute left testis weight in am3-C57BL/6 mice at 8.7 mg hexavalent chromium/kg

day; NTP (2007) stated that this change was related to decreased body weight. 
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Table 4-10. Hematological effects in male B6C3Ft, BALB/c, and 
am3-C57BL/6 mice exposed to sodium dichromate dihydrate in drinking 
water for 3 months 

Treatment group (mg hexavalent chromium/kg-d) 

0 2.8 5.2 8.7 

B6C3F1 mice 

MCY(fL) 47.7 ± 0.2a 46.6 ± 0.2b 46.4 ± 0.2 44.7 ± 0.1 
(97.7) (97.3) (93.7) 

MCR (pg) 15.3 ± 0.1 14.9 ± O.lb 14.7±0.lb 14.2 ± O.Ob 
(93.1) (96.1) (92.8) 

BALB/cmice 

MCY(fL) 44.8 ± 0.2a 43.8 ± 0.2b 42.9 ± 0.2 42.6 ± 0.2 
(97.8) (95.8) (95.1) 

MCR (pg) 15.0 ± 0.1 14.5±0.lb 14.2±0.lb 14.0±0.lb 
(96.7) (94.7) (93.3) 

am3-C57BL/6 mice 

MCY(fL) 45.8 ± 0.2 a 44.2 ± 0.4 43.7 ± 0.3b 40.5 ± 0.3 
(96.5) (95.4) (88.4) 

MCR (pg) 14.4±0.1 14.1 ± O.lb 13.8±0.lb 13.5 ±0.2b 
(97.9) (95.8) (98.8) 

aYalues are means ± SE; values in parenthesis are percent of control; n = 10 mice/group, with the following 
exceptions: in B6C3F] mice, controls (n = 7), 2.8 mg hexavalent chromium/kg-d group (n = 9), and 5.2 mg 
hexavalent chromium/kg-d group (n = 9); in am3-C57BLl6 mice, 8.7 mg hexavalent chromium/kg-d group (n = 9). 
bSignificantly different (p::; 0.01) from the control group by Dunn's or Shirley's test. 

Source: NTP (2007). 

Microscopic examinations of gross lesions and masses and of selected tissues in male 

B6C3F 1, BALB/c, and am3-C57BL/6 mice exposed to sodium dichromate dihydrate in drinking 

water for 3 months showed changes to the duodenum, liver, pancreas, and mesenteric lymph 

nodes (NTP, 2007); incidence data are summarized in Table 4-11. Dose-related increases in the 

incidences of hepatic glycogen depletion and pancreatic secretory depletion were also observed; 

NTP (2007) stated that these lesions were likely due to depressed food consumption, which is 

frequently observed when water consumption is decreased. The incidence of minimal-to-mild 

histiocytic cellular infiltration of mesenteric lymph nodes was increased at 8.7 mg hexavalent 

chromium/kg-day in am3-C57BL/6 mice, but not in B6C3F 1 or BALB/c mice. 

In the duodenum, dose-related increases in the incidences of minimal-to-mild histiocytic 

cellular infiltration and epithelial hyperplasia were observed in all strains, with histopathological 

changes of the duodenum observed in all exposure groups; severity increased with dose. 

Microscopically, lesions were similar to those described above for male and female B6C3F 1 

mice. The incidences of histiocytic cellular infiltration and epithelial hyperplasia in the 

duodenum, however, were smaller in the initial 3-month study in B6C3F 1 mice than in this study. 

For example, the incidences of histiocytic cellular infiltration in the initial study with male 
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B6C3F 1 mice were 411 0 and 511 0 at the 3.1 and 5.3 mg/kg-day levels, respectively; the incidence 

of epithelial hyperplasia was 011 0 at 3.1 mg/kg-day (Table 4-9). However, as shown in Table 4-

11, at comparable dose levels of2.8 and 5.2 mg/kg-day, the incidences of histiocytic infiltration 

in male B6C3F 1 mice in the second study were 811 0 and 1011 0, and the incidence of epithelial 

hyperplasia at 2.8 mg/kg-day was 4110. The basis for these inconsistencies in the magnitude of 

the duodenal lesions across studies is not known. 

Table 4-11. Incidence of nonneoplastic lesions observed in male B6C3Ft, 
BALB/c, and am3-C57BL/6 mice exposed to sodium dichromate dihydrate in 
drinking water for 3 months 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 2.8 5.2 8.7 

B6C3F1 mice 

Duodenum (histiocytic cellular O/lOa 8/l0b lO/lOb lO/lOb 

infiltration) (1.0) (1.4) (2.0) 

Duodenum (epithelial hyperplasia) 0/10 4/lOc lO/lOb lO/lOb 

(1.0) (1.1) (1.6) 

Liver (glycogen depletion) 1/10 2/10 9/lOb lO/lOb 

(1.0) (1.5) (1.4) (2.2) 

Pancreas (secretory depletion) 0/10 2/10 7/lOb 9/lOb 

(1.0) (1.0) (1.0) 

BALB/cmice 

Duodenum (histiocytic cellular O/lOa 4/lOc 8/l0b lO/lOb 

infiltration) (1.0) (1.8) (1.7) 

Duodenum (epithelial hyperplasia) 0/10 2/10 lO/lOb lO/lOb 

(1.0) (1.1) (1.4) 

Pancreas (secretory depletion) 0/10 6/lOb 9/lOb lO/lOb 

(1.0) (1.3) (1.5) 
am3-C57BL/6 mice 

Duodenum (histiocytic cellular 0/5a 2/5 5/5b 4/5 c 

infiltration) (1.0) (1.4) (1.8) 

Duodenum (epithelial hyperplasia) 0/5 5/5b 5/5b 5/5b 

(1.0) (1.2) (1.8) 

Liver (glycogen depletion) 0/5 4/5c 5/5b 5/5b 

(2.0) (1.6) (3.8) 

Pancreas (secretory depletion) 0/5 3/5 4/5 c 5/5b 

(1.0) (1.0) (1.6) 

Mesenteric lymph node (histiocytic 0/5 0/5 0/5 4/5" 
cellular infiltration) (1.5) 

aNumber of animals with lesion/number of animals examined; parenthesis indicate average severity grade, with 
1 = minimal' 2 = mild' 3 = moderate' 4 = severe 
bSignificantl~ different (p::; 0.01) fr;m the cont;ol group by Fisher's exact test. 
CSignificantly different (p ::; 0.01) from the control group by Fisher's exact test. 

Source: NTP (2007). 

96 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118124 



In conclusion, the comparative 3-month drinking water study on sodium dichromate 

dihydrate in male B6C3F 1, BALB/c, and am3-C57BL/6 mice showed similar effects in the three 

strains (NTP, 2007). A LOAEL of 2.8 mg hexavalent chromium/kg-day was identified by EPA 

based on histopathological changes in the duodenum in B6C3F 1 mice (i.e., histiocytic cellular 

infiltration and epithelial hyperplasia), BALB/c mice (i.e., histiocytic cellular infiltration), and 

am3-C57BL/6 mice (i.e., epithelial hyperplasia); a NOAEL was not identified because effects 

were observed at the lowest doses tested. Mild erythrocyte microcytosis was not considered as 

the basis for the LOAEL because the magnitude of decreases in MCV and MCH in the 2.8 mg 

hexavalent chromium/kg-day group was ~7% compared to controls. 

Quinteros et ai., 2007 

Quinteros et ai. (2007) showed that subchronic oral exposure of rats to hexavalent 

chromium in drinking water decreased circulating prolactin levels. Groups of 15 male Wistar 

rats were exposed to drinking water containing 0 or 500 mg hexavalent chromiumlL as 

potassium dichromate for 30 days. Based on water intake and body weights measured over the 

course of the study, Quinteros et ai. (2007) calculated a daily dose of73.05 mg hexavalent 

chromium/kg-day. At the end of the treatment period, blood was collected for analysis of 

prolactin and luteinizing hormone (LH), and the pituitary gland and hypothalamus were analyzed 

for chromium content. At the end of the 30-day treatment period, water consumption and body 

weight in hexavalent chromium-treated rats were decreased by 30.5 and 11.5% compared to 

controls. Serum prolactin levels in treated rats were decreased by approximately 59% (p < 

0.001) compared to controls; serum levels ofLH were comparable in control and treatment 

groups. NOAEL and LOAEL values for this study could not be identified because only one dose 

was evaluated and effects on other potential hexavalent chromium target tissues were not 

assessed. 

Rafael et ai., 2007 

Adverse hepatic effects were reported in rats following subchronic oral exposure to 

hexavalent chromium, but further details of this study were not available (Rafael et aI., 2007). 

Male Wistar rats (9 control and 19 treated) were administered drinking water containing 0 or 

20 mg hexavalent chromiumlL (chromium compound not reported) for 10 weeks. According to 

the investigators, no clinical signs of toxicity or changes in body weight were observed (data not 

reported). Data on drinking water consumption were not reported, and the report did not indicate 

if drinking water consumption was similar between control and treatment groups; thus, given this 

uncertainty, daily hexavalent chromium doses cannot be estimated from this study. At the end of 

the treatment period, serum glucose was decreased by 45% (p = 0.0002) and serum ALT activity 

was increased by 153% (p = 0.039), compared with controls. Serum levels of total protein, 

gamma glutamyl transferase, AP, cholesterol, and total bilirubin were not affected by treatment. 
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Microscopic examination of livers of treated mice showed increased intracellular space, "little" 

focal necrosis, and degenerative alteration with vascularization; fibrosis was not observed. 

NOAEL and LOAEL values could not be identified from this study because only one dose was 

evaluated and limited exposure information was provided. 

Acharya et ai., 2001 

Acharya et al. (2001) explored whether Wistar rats demonstrated sex-specific responses 

to exposures to chromium and chromium plus ethanol using a study design similar to Chopra et 

al. (1996), but exposing male rather than female Wistar rats. Acharya et al. (2001) exposed 1.5-

month-old male Wistar rats (5 or 6/group) to potassium dichromate in drinking water for 22 

weeks at concentrations of 0 or 25 ppm. These dosed groups were part of a larger study to 

evaluate the interactive effects of ethanol and chromium. The authors reported that food and 

water consumption were monitored daily and each animal was weighed once a week, although 

these results were not reported. Using reference values for body weight and drinking water 

consumption (0.217 kg and 0.032 L/day, respectively) for male Wistar rats (D. S. EPA, 1988), 

doses of 0 and 1.5 mg hexavalent chromium/kg-day were estimated by EPA. At study 

termination, animals were sacrificed and blood samples were collected for analysis of serum 

enzyme activities. Liver and kidney tissues were examined for histopathological changes, and 

liver homogenates were used to measure total triglycerides, total cholesterol, glycogen, and total 

GSH. 

Serum aspartate aminotransferase (AST) and ALT levels were statistically significantly 

elevated (approximately twofold) in chromium-treated rats compared to controls. Serum 

succinate dehydrogenase, AP, and acid phosphatase (AcP) in chromium-treated rats were not 

significantly different from the controls. Liver total triglyceride and liver glycogen levels were 

significantly reduced in chromium-treated rats (by approximately 40 and 20%, respectively). 

There was a significant increase in liver total cholesterol levels (approximately 10%) in 

chromium-treated rats. Liver GSH levels in chromium-treated rats were similar to controls. 

Histopathological examination of the livers of chromium-treated animals showed altered 

hepatic architecture in the periportal area, with increased sinusoidal space, vacuolation, and 

necrosis. Histopathological examination of the kidneys in chromium-treated rats revealed 

vacuolation in glomeruli, degeneration of the basement membrane, and renal tubular epithelial 

degeneration. No information regarding the number of animals examined or the number of 

animals displaying histopathology was provided. The only dose tested in this study, 1.5 mg 

hexavalent chromium/kg-day, was identified by EPA as a LOAEL. A NOAEL was not 

identified because effects were seen at the only dose tested. 
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Asmatullah and Noreen, 1999 

Asmatullah and Noreen (1999) studied the effects of subchronic exposure to hexavalent 

chromium on growth rate and hepatic histological structure in mice. Groups of male albino 

Swiss mice (nine per group) were exposed to drinking water containing 0,500,750, 1,000, 

1,500, or 2,000 mg potassium dichromate/L (equivalent to 0, 177,265,353, 530, or 706 mg 

hexavalent chromiumIL, respectively) for 8 weeks. Data on drinking water consumption were 

not reported; based on findings of other studies (NTP, 2008, 2007) showing decreased drinking 

water consumption and body weight in animals treated with drinking water containing 2':30 mg 

hexavalent chromiumIL, daily doses of hexavalent chromium cannot be accurately estimated for 

this study. Body weights and feed consumption were recorded weekly. At the end of the 

treatment period, organ weights were determined for liver, heart, and kidney, and microscopic 

examination of the liver was conducted. During the last 2 weeks of treatment, body weights 

were decreased in all treatment groups, with decreases ranging from 9 to 29%, compared with 

controls; decreases in body weight were accompanied by similar decreases in feed intake in all 

treatment groups. After 8 weeks of treatment, absolute wet and dry weights of liver and heart 

were increased in all treatment groups, although the magnitude of these increases did not exhibit 

dose-dependence. No consistent pattern of change was observed for wet or dry weight of the 

heart. Relative organ weights were not reported. Histopathological changes in the liver were 

observed, with severity increasing with dose (but incidence data were not reported). At 265 mg 

hexavalent chromiumIL, an increase in the sinusoidal space was observed; at 353 and 530 mg 

hexavalent chromiumIL, hepatic cirrhosis and increased sinusoidal space were observed, with 

severity increasing with dose; and at 706 mg hexavalent chromiumIL, increased sinusoidal space, 

cirrhosis and nuclear pyknosis (a marker for apoptosis) were observed. Results of microscopic 

examination of the liver in mice treated with 177 mg hexavalent chromium/L were not reported. 

A NOAEL or LOAEL could not be identified by EPA from this study. 

Chopra et aI., 1996 

Chopra et al. (1996) exposed 50-day-old female Wistar rats (5 or 6/group) to potassium 

dichromate in drinking water for 22 weeks at concentrations of 0 or 25 ppm. These dose groups 

were part of a larger study designed to evaluate the interactive effects of ethanol and chromium. 

The authors reported that food and water consumption were monitored daily and each animal 

was weighed once a week, although these results were not reported. Using reference values for 

body weight and drinking water consumption (0.156 kg and 0.025 L/day, respectively) for 

female Wistar rats (U.S. EPA, 1988), doses of 0 and 1.4 mg hexavalent chromium/kg-day were 

estimated by EPA. At study termination, animals were sacrificed and blood samples were 

collected for analysis of serum enzyme activities and serum triglycerides, cholesterol, and 

glucose. A kidney homogenate was used to measure GSH, and a liver homogenate was used to 

99 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118127 



measure triglycerides, cholesterol, glycogen, GSH, and lipid peroxidation. Liver and kidney 

tissues were examined for histopathological changes. 

Terminal body weights in chromium-treated rats were not significantly different from the 

controls. The liver to body weight ratio in chromium-treated rats was statistically significantly 

increased (approximately twofold) over the controls. Serum SDH levels were significantly lower 

(by approximately 20%) in chromium-treated rats compared to the controls, whereas AST, ALT, 

AP, and AcP were statistically significantly increased (approximately two- to threefold). Serum 

triglycerides and glucose were statistically significantly increased (approximately threefold) in 

chromium-treated rats; serum cholesterol was significantly reduced (approximately twofold). 

Analysis ofliver homogenates revealed that chromium treatment resulted in reduced liver 

glycogen (by approximately twofold); levels ofliver cholesterol, GSH, and lipid peroxidation (as 

measured by diene conjugation) did not differ from the controls. Kidney GSH in chromium

treated rats was statistically significantly lower than the controls (approximately 2.5-fold). 

Histopathological examination of the liver of chromium-treated animals showed altered 

hepatic architecture in the periportal area, with increased sinusoidal space, vacuolation, and 

necrosis. Histopathological examination of the kidneys in chromium-treated rats revealed 

significant damage to renal tubules and the Bowman's capsule and degeneration of the basement 

membrane. No information regarding the number of animals examined or the number of animals 

displaying histopathology was provided. The only dose tested in this study, 1.4 mg hexavalent 

chromium/kg-day, was identified as a LOAEL by EPA. A NOAEL was not identified because 

effects were observed at the only dose tested. 

Vyskocil et aI., 1993 

Alterations in renal function, as assessed by urinalysis, were observed in rats exposed to 

oral potassium chromate for up to 6 months (Vyskocil et aI., 1993). Groups of Wi star rats 

(20/sex/group) were exposed to drinking water containing 0 or 25 mg hexavalent chromiumlL. 

Based on water consumption, which was comparable between control and treatment groups, 

Vyskocil et ai. (1993) calculated average daily hexavalent chromium doses of2.18 and 2.47 mg 

hexavalent chromium/kg-day in males and females, respectively, during the first 3 months of 

exposure, and 1.40 and 1.76 mg hexavalent chromium/kg-day in males and females, 

respectively, during the second 3 months of exposure. After 3 or 6 months of exposure, urine 

was collected from 10 rats/sex/group and analyzed for total protein, albumin, ~2-microglobulin, 

~-N-acetyl-D-glucosamine, and lactate dehydrogenase and lysozyme activities, and body and 

kidney weights were determined. Water consumption was monitored throughout the study. No 

effects on body weight gain or kidney weight were observed. In male rats, results of urinalysis 

did not show any treatment-related effects. In females, urinary albumin excretion, a marker of 

glomerular function, was significantly increased by approximately twofold (p < 0.05), compared 

to controls, at both 3 months and 6 months. Urinary ~2-microglobulin, a marker of renal tubular 
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dysfunction, was increased by twofold (p < 0.05) at 3 months and by lA-fold at 6 months (not 

statistically significant) compared to controls. Gross or microscopic examinations of kidneys 

were not conducted. NOAEL and LOAEL values from this study could not be identified because 

only one dose was evaluated and effects on other potential hexavalent chromium target tissues 

were not assessed. 

4.2.2. Chronic Oral Exposure 

NTP, 2008 

NTP (2008) conducted a 2-year toxicology and carcinogenicity study of sodium 

dichromate dihydrate in drinking water in rats and mice. Groups ofF3441N rats ("core" study 

animals; SO/sex/group) were exposed to sodium dichromate dihydrate in drinking water at 

concentrations ofO, 14.3,57.3,172, or 516 mg sodium dichromate dihydrate/L (equivalent to 0, 

5,20,60, or 180 mg hexavalent chromiumIL, respectively). Based on water consumption 

measured throughout the study, NTP (2008) calculated average daily doses over the 2-year 

treatment duration of approximately 0, 0.6, 2.2, 6, or 17 mg sodium dichromate dihydrate/kg-day 

for males (equivalent to 0,0.21,0.77,2.1, or 5.9 mg hexavalent chromium/kg-day, respectively) 

and 0.7, 2.7, 7, and 20 mg sodium dichromate dihydrate/kg-day for females (equivalent to 0, 

0.24,0.94, 2A, or 7.0 mg hexavalent chromium/kg-day, respectively). Animals were observed 

twice daily for mortality and clinical signs of toxicity; after 5 weeks of treatment, clinical signs 

were recorded at 4-week intervals. Body weights were recorded weekly for the first 13 weeks, 

and then at 4-week intervals for the duration of the study. Water consumption was recorded 

weekly for the first 13 weeks of treatment and then every 4 weeks. At the end of the 2-year 

treatment period, complete necropsies and microscopic examinations of comprehensive tissues 

were performed on all "core" study animals. An additional "special study" group of male rats 

(1 O/group) was exposed to the same drinking water concentrations as "core" animals for up to 

53 weeks. For the "special study" rats only, blood was collected on days 4 and 22 and at 3, 6, 

and 12 months for hematology (i.e., Rct; Rgb concentration; erythrocyte, reticulocyte, and 

platelet counts; erythrocyte and platelet morphology; MCV; MCR; mean cell hemoglobin 

concentration [MCRC]; and leukocyte count and differentials) and clinical chemistry (i.e., urea 

nitrogen, creatinine, total protein, albumin, ALT, AP, creatine kinase, sorbitol dehydrogenase, 

bile acids) analyses. At the end of the 53-week treatment period, "special study" animals were 

evaluated for chromium tissue distribution (see Section 3.2 for the results of this study). 

Survival rates of exposed "core" study rats were similar to controls (NTP, 2008). 

Throughout the study, water consumption was decreased in the two highest dose groups 

compared to controls. During the second year of the study, water consumption in the two highest 

dose groups in males was decreased by 15 and 22%, respectively, and by 15 and 27%, 

respectively, in females (statistical significance not reported). No data on food consumption 

were reported. At the end of the 2-year treatment period, body weight was decreased in males 
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and females in the highest dose group by 12 and 11 %, respectively, compared with controls 

(statistical significance not reported). NTP (2008) suggested that decreased body weights in the 

highest dose group may have been partially due to decreased water consumption (due to 

decreased palatability), rather than an adverse effect of sodium dichromate dihydrate. No 

treatment-related signs of clinical toxicity were observed throughout the study. 

Results of hematologic analyses in "special study" male rats showed that exposure to 

sodium dichromate dihydrate in drinking water produced microcytic, hypochromic anemia, 

characterized by decreases in MCV, Rct, Rgb, MCR, and MCRC (NTP, 2008). The severity of 

microcytic, hypochromic anemia exhibited duration- and dose-dependence, with peak effects 

occurring at 22 days (Table 4-12). After 4 days of exposure, small changes were observed in 

several hematological parameters; however, decreases in all treatment groups were :S5%, 

compared to controls. More severe effects were observed after 22 days of treatment, with 

significant decreases in MCV, Rct, and Rgb at "20.77 mg hexavalent chromium/kg-day. At 

5.9 mg hexavalent chromium/kg-day, MCV, Rct, and Rgb decreased to approximately 76, 73, 

and 65% of control values, respectively; reticulocyte and nucleated erythrocyte counts were 

increased by approximately 66% (p:S 0.01) and 600% (p:S 0.01), respectively, compared to 

controls, indicating compensatory hematopoiesis. Blood smears showed evidence of erythrocyte 

injury or increased turnover, including poikilocytes, erythrocyte fragments, and keratocytes 

(incidence data not reported). Similar effects were observed after 3 months of treatment, 

although severity at 3 months was generally less than that observed at 22 days. Severity was 

further decreased after 6 and 12 months of exposure; at 12 months, affected parameters were 

generally only decreased by :S5%, compared to controls. Results of hematological analyses show 

that exposure of rats to sodium dichromate dihydrate in drinking water produced microcytic, 

hypochromic anemia at subchronic exposure durations (22 days to 3 months), but that severity 

decreased with increasing exposure duration (6-12 months). 

Table 4-12. Hematological effects in male F344/N rats exposed to sodium 
dichromate dihydrate in drinking water for up to 12 months 

Hematological Time on Treatment group (mg hexavalent chromium/kg-d) 

parameter treatment 0 0.21 0.77 2.1 

MCV(fL) D22 59.5 ± O.4a 58.6 ± 0.5 54.9 ± 0.5b 47.4 ± O.4b 

(98.5) (92.3) (80.0) 

Mo3 48.6 ± 0.2 48.3 ± 0.2 47.3 ± 0.2b 45.7 ± 0.2b 
(99.4) (97.3) (94.0) 

Mo6 49.8 ± 0.1 49.5 ± 0.1 48.6 ± O.lb 47.8 ± 0.2b 
(99.4) (97.6) (96.0) 

Mo 12 52.6 ± 0.2 52.4 ± 0.2 51.9±0.3 51.4 ± 0.3b 

(99.6) (98.7) (97.7) 

Ret (%) D22 46.0 ± 1.1 44.4 ± 0.4 43.2 ± 0.6c 38.7 ± 0.6b 

(96.5) (93.9) (84.1) 

5.9 

45.0 ± 0.7b 

(75.6) 

39.2 ± 0.6b 

(80.7) 

45.4 ± 0.5b 

(91.2) 

49.9 ± 0.2b 
(94.9) 

33.5 ± 0.8b 

(72.8) 
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Table 4-12. Hematological effects in male F344/N rats exposed to sodium 
dichromate dihydrate in drinking water for up to 12 months 

Hematological Time on Treatment group (mg hexavalent chromium/kg-d) 

parameter treatment 0 0.21 0.77 2.1 5.9 

M03 45.3 ± 0.4 44.5 ± 0.3 44.5 ± 0.4 44.1 ± 0.5 41.0 ± 0.5b 

(98.2) (98.2) (97.4) (90.5) 

M06 45.9 ± 0.4 45.7 ± 0.5 45.5 ± 0.4 45.5 ± 0.5 45.0 ± 0.3 
(99.6) (99.1) (99.1) (98.0) 

Mo 12 47.6 ± 0.5 46.6 ± 0.4 47.4 ± 0.5 47.7 ± 0.4 47.3 ± 0.4 
(97.9) (99.6) (100.2) (99.4) 

Rgb (gldL) D22 15.5 ± 0.3 15.1 ± 0.2 14.2 ± 0.2b 12.0 ± 0.3b 10.1 ± 0.2b 
(97.4) (91.6) (77.4) (65.2) 

M03 15.1 ± 0.1 14.9 ± 0.1 14.9 ± 0.2 14.6 ± 0.2c 12.9 ± 0.2b 
(98.7) (98.7) (96.7) (85.4) 

M06 15.2 ± 0.1 15.2 ± 0.2 15.0 ± 0.2 14.9 ± 0.1 14.5±0.lb 
(100) (98.7) (98.0) (95.4) 

Mo 12 15.8 ± 0.2 15.4 ± 0.2 15.6 ± 0.2 15.6 ± 0.2 15.3±0.lc 
(97.5) (98.7) (98.7) (96.8) 

MeR (pg) D22 19.8 ± 0.1 19.5 ± 0.2 17.7 ± 0.2b 14.8 ± 0.2b 16.3 ± 0.5b 

(98.5) (89.4) (74.7) (82.3) 

M03 16.2 ± 0.1 16.2 ± 0.1 15.7 ± O.Ob 15.0 ± O.lb 11.9 ± 0.3b 

(100) (96.9) (92.6) (73.5) 

M06 16.3 ± 0.1 16.1±0.1 15.7±0.lb 15.3 ± O.lb 14.3 ± 0.2b 
(98.8) (96.3) (93.9) (87.7) 

Mo 12 17.0 ± 0.1 16.8 ± 0.1 16.6±0.lc 16.2 ± O.lb 15.7 ± O.lb 
(98.8) (97.6) (95.3) (92.4) 

MeRe (gldL) D22 33.3 ± 0.1 33.3 ± 0.1 32.2 ± 0.2 31.2±0.2b 36.2 ± 0.8 
(100) (96.7) (93.7) (108.7) 

M03 33.4 ± 0.1 33.5 ± 0.2 33.2 ± 0.1 32.7 ± O.lb 30.2 ± 0.3b 

(100.3) (99.4) (97.9) (90.4) 

M06 32.7 ± 0.1 32.5 ± 0.1 32.3±0.lc 32.1 ± O.lb 31.6±0.2b 
(99.4) (98.8) (98.2) (96.6) 

Mo 12 32.3 ± 0.2 32.1 ± 0.3 32.0 ± 0.2 31.6 ± 0.2c 31.5 ± 0.2c 
(99.4) (99.1) (97.8) (97.5) 

Erythrocyte count D22 7.80 ± 0.13 7.74 ± 0.15 8.06 ± 0.16 8.1O±0.14 6.21 ± O.13b 

(106/!1L) (99.2) (103.3) (103.8) (79.6) 

M03 9.28 ± 0.05 9.24 ± 0.06 9.46 ± 0.11 9.75 ± O.l1b 10.93 ± 0.16b 

(99.6) (101.9) (105.1) (117.7) 

M06 9.34 ± 0.06 9.43 ± 0.08 9.54 ± 0.11 9.71 ± 0.08b 10.15 ± O.13b 

(101.0) (102.1) (104.0) (108.7) 

Mo 12 9.27 ± 0.10 9.17 ± 0.07 9.40 ± 0.12 9.61 ± 0.11 9.74 ± 0.08b 

(98.9) (101.4) (103.7) (105.1) 

aValues are means ± SE; values in parenthesis are percent of control; n = 10 rats/group, with the following 
exceptions: control group on d 4 (n = 9), 0.77 mg hexavalent chromiumlkg-d group on d 4 (n = 9), and 2.1 mg 
hexavalent chromiumlkg-d group in mo 12 (n = 8). 
bSignificantly different (p::; 0.01) from the control group by Dunn's or Shirley's test. 
CSignificantly different (p ::; 0.05) from the control group by Dunn's or Shirley's test. 

Source: NTP (2007). 
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Results of clinical chemistry analyses in "special study" male rats (clinical chemistry was 

not assessed in female rats) showed that exposure to sodium dichromate dihydrate in drinking 

water produced dose-dependent increases in serum ALT activity (NTP, 2008). Significant 

increases in serum AL T activity were observed at 4 days and 6 months in rats treated with 

2:2.1 mg hexavalent chromium/kg-day and at 22 days and 3 and 12 months at 2:0.77 mg 

hexavalent chromium/kg-day (Table 4-13). Serum ALT enzyme activity reached maximum 

increases (approximately 170-260% of control values) in rats treated for 3-12 months at daily 

doses of 2:2. 1 mg hexavalent chromium/kg-day. In rats treated for 12 months with 2.1 and 

5.9 mg hexavalent chromium/kg-day, serum SDH activity was 164 and 173% of control values, 

respectively; however, no increases in SDH activity were observed at other doses or time points. 

No increases in serum AP activity were observed in any treatment group throughout the 

12-month treatment period. Increased serum ALT activity is consistent with histopathological 

findings of minimal chronic inflammation of the liver observed in "core" study animals 

(discussed below); however, because other clinical chemistry markers of hepatic damage were 

not observed, NTP (2008) suggested that increased serum AL T activity may reflect enzyme 

induction rather than hepatocellular damage. Changes in other clinical chemistry outcomes were 

generally <5% compared to controls and did not exhibit dose- or duration-dependence. 

Table 4-13. Serum AL T activity in male F3441N rats exposed to sodium 
dichromate dihydrate in drinking water for up to 12 months 

Treatment group (mg hexavalent chromium/kg-d) 

Time on treatment 0 0.21 0.77 2.1 

D4 54 ± 2a 53 ± 2 60± 3 68 ± Ib 
(98) (113) (126) 

D22 45 ± 1 46 ± 1 58 ± 2b 75 ± 3b 

(102) (129) (167) 

M03 82±4 82 ± 12 135 ± 18° 176± 13b 

(100) (165) (215) 

M06 122 ± 15 114±9 150 ± 12 238 ± 2b 
(93) (123) (195) 

Mo 12 102±6 107±8 135 ± 10° 261 ± 23b 

(105) (132) (256) 

5.9 
70 ±2b 
(130) 

73 ±4b 
(162) 

216± 21b 
(263) 

210 ± 12b 
(172) 

223 ± 15b 

(219) 

aValues are means ± SE; values in parenthesis are percent of control; n = 10 rats/group, with the following 
exception of 0.77 mg hexavalent chromiumlkg-d group on d 4 (n = 9). Note: clinical chemistry was not assessed in 
female rats. 
bSignificantly different (p::; 0.01) from the control group by Dunn's or Shirley's test. 
CSignificantly different (p::; 0.05) from the control group by Dunn's or Shirley's test. 

Source: NTP (2008). 
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Gross and mi croscopi c examinati ons of" core" study rats exposed to sodium di chromate 

dihydrate in drinking water for 2 years showed nonneoplastic lesions of the small intestine 

(duodenum), liver, and lymph nodes in both sexes, nonneoplastic lesions of the salivary gland in 

females, and neoplastic lesions of the oral cavity in both sexes (NTP, 2008). Incidence data for 

nonneoplastic lesions are summarized in Table 4-14. The incidence of minimal-to-mild cellular 

histiocytic infiltration of the duodenum was significantly increased in males and females at 

~0.77 and ~2.4 mg hexavalent chromium/kg-day, respectively, compared with controls; 

increases in both sexes were dose-related. Duodenal histiocytic infiltrate was characterized by 

single or clusters of macro phages in the lamina propria of the duodenal villi. Based on incidence 

data, males appeared more sensitive than females to hexavalent chromium-induced 

nonneoplastic changes to the small intestine. 
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Table 4-14. Incidence of nonneoplastic lesions observed in male and female 
F344IN rats exposed to sodium dichromate dihydrate in drinking water for 
2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 0.21 0.77 2.1 

Males 

Liver (histiocytic cellular infiltration) 1I50a 0/50 2/49 5/50 
(1.0) (1.0) (1.4) 

Liver (chronic inflammation) 19/50 25/50 21149 28/50c 

(1.1) (1.2) (1.3) (1.1) 
Liver (basophilic focus) 22/50 28/50 29/49c 32/50c 

Small intestine, duodenum (histiocytic 0/48 0/48 6/47c 36/46b 

cellular infiltration) (1.2) (1.1) 
Lymph node, mesenteric (histiocytic 13/49 11150 30/49 39/50b 

cellular infiltration) (2.0) (1.5) (1.9) (2.1) 

Lymph node, mesenteric (hemorrhage) 2/49 7/50 9/49c 8/50c 

(1.5) (1.1) (1.3) (1.1) 
Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 0.24 0.94 2.4 

Females 

Liver (histiocytic cellular infiltration) 1I50a 5/50 21150b 42/50b 

(1.0) (1.0) (1.3) (2.0) 

Liver (chronic inflammation) 12/50 21150c 28/50b 35/50b 

(1.3) (1.2) (1.3) (1.6) 

Liver (fatty change) 3/50 7/50 1O/50c 13/50b 

(3.3) (3.6) (2.5) (2.5) 

Liver (clear cell focus) 7/50 5/50 7/50 20/50b 

Small intestine, duodenum (histiocytic 0/46 0/49 1148 30/46b 

cellular infiltration) (1.0) (1.0) 

Lymph node, mesenteric (histiocytic 21150 18/50 27/50 36/50b 

cellular infiltration) (1.7) (1.4) (1.5) (2.0) 

Lymph node, mesenteric (hemorrhage) 11150 13/50 16/50 14/50 
(1.1) (1.3) (1.3) (1.1) 

Lymph node, pancreatic (histiocytic 17/29 20/36 23/30 32/34b 

cellular infiltration) (2.0) (1.9) (2.6) (2.8) 

Salivary gland (atrophy) 9/50 7/50 10/50 17/50c 

(1.3) (1.4) (1.2) (1.4) 

5.9 

34/49b 

(1.4) 

26/49 
(1.3) 

30/49 

47/48b 

(1.5) 
41149 b 

(2.1) 

17/49b 

(1.3) 

7.0 

47/50b 

(2.6) 

39/50b 

(2.1) 

16/50b 

(2.8) 

7/50 

47/50b 

(1.2) 

42/50b 

(2.4) 

21150c 

(1.3) 

27/33 
(3.0) 

17/50 
(2.1) 

aNumber of animals with lesion/number of animals examined; parenthesis indicate average severity grade, with 
1 = minimal' 2 = mild' 3 = moderate' 4 = severe 
bSignificantl~ different (p::; 0.01) fr;m the cont;ol group by the Poly-3 test. 
CSignificantly different (p ::; 0.05) from the control group by the Poly-3 test. 

Source: NTP (2008). 
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Significant findings in the liver included histiocytic cellular infiltration, chronic 

inflammation, fatty change, basophilic foci, and clear cell foci. The incidence of histiocytic 

cellular inflammation, which was mild-to-moderate in severity and characterized by clusters of 

macrophages in parenchymal and portal areas, was significantly increased in males and females 

at 5.9 and 2':0.94 mg hexavalent chromium/kg-day, respectively (Table 4-14); in females, 

increases in incidence and severity were dose-dependent. Increased minimal-to-mild hepatic 

inflammation was observed in males at 2.1 mg hexavalent chromium/kg-day and in females in 

all treatment groups, with dose-dependent increases in incidence and severity in females. 

NTP (2008) noted that chronic inflammation is a typical hepatic lesion observed in aged rats; 

however, exposure to sodium dichromate dihydrate appeared to enhance development of this 

lesion. An increase in the incidence of mild-to-moderate fatty change was observed only in 

females at 2':0.94 mg hexavalent chromium/kg-day. Morphologically, fatty change was 

characterized by hepatocytes with fat-containing cytoplasmic vacuoles. The incidence of 

basophilic foci was increased in males only at 0.77 and 2.1 mg hexavalent chromium/kg-day, 

and the incidence of clear cell foci was increased in females at 2.4 mg hexavalent chromium/kg

day. Based on the dose-response data for histopathological changes of the liver, female rats 

appear more sensitive to hexavalent chromium than male rats to hepatic effects of sodium 

dichromate dihydrate. 

In lymph nodes, lesions were observed in mesenteric lymph nodes (histiocytic cellular 

infiltration and hemorrhage) in both sexes and in pancreatic lymph nodes (histiocytic cellular 

infiltration) in females only. The incidence of histiocytic cellular infiltration in mesenteric 

lymph nodes was significantly elevated in both sexes at the two highest doses (2.1 and 5.9 mg 

hexavalent chromium/kg-day in males and 2.4 and 7.0 mg hexavalent chromium/kg-day in 

females). The incidence of mesenteric lymph node hemorrhage was significantly increased in 

males at 2':0.77 mg hexavalent chromium/kg-day (i.e., the three highest doses) and in females at 

7.0 mg hexavalent chromium/kg-day (i.e., the highest dose). In males, the severity of histiocytic 

cellular infiltration and hemorrhage of mesenteric lymph nodes was minimal-to-mild in all 

groups, but severity of histiocytic cellular infiltration was slightly increased at2':2.4 mg 

hexavalent chromium/kg-day. The incidence of cellular histiocytic infiltration of pancreatic 

lymph nodes was significantly increased in females in the 2.4 mg hexavalent chromium/kg-day 

group only, with severity increased at 2':0.94 mg hexavalent chromium/kg-day group. 

Morphologically, histiocytic cellular infiltrate of the lymph nodes was similar to that observed in 

the liver, with random clusters of macrophages located in the cortex and medullary sinuses; in 

mesenteric lymph nodes, some clusters merged to form sheets that replaced the parenchyma. 

NTP (2008) suggested that mesenteric lymph node hemorrhage may have resulted from 

histiocytic infiltration. A significant increase in the incidence of minimal-to-mild salivary gland 

atrophy, appearing as single focal lesions, was observed in females in the 2.4 mg hexavalent 

chromium/kg-day group only, compared with controls. NTP (2008) noted that atrophy is an age-
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related change commonly observed in rats and that the biological significance of salivary atrophy 

in female rats chronically treated with 2.4 mg hexavalent chromium/kg-day group is unknown. 

Incidence data for neoplastic lesions of the oral cavity in male and female rats exposed to 

sodium dichromate dihydrate in drinking water for 2 years are summarized in Table 4-15 (NTP, 

2008). Neoplasms observed in the oral cavity of treated rats were squamous cell carcinoma of 

the oral mucosa (both sexes), squamous cell papilloma of the oral mucosa (males only), 

squamous cell carcinoma of the tongue (both sexes), and squamous cell papilloma and carcinoma 

of the tongue (both sexes). The incidences of squamous cell carcinoma of the oral mucosa 

(13.6%) and of combined squamous cell papilloma or carcinoma (15.7%) of the oral mucosa 

were significantly increased in male rats treated with 5.9 mg hexavalent chromium/kg-day, 

compared with controls. The incidences of squamous cell carcinoma of the oral mucosa (23.9%) 

and of combined squamous cell carcinoma of the oral mucosa or tongue (23.9%) were 

significantly increased in females treated with 7.0 mg hexavalent chromium/kg-day, compared 

with controls. The incidences of other neoplastic lesions of the oral cavity were not significantly 

increased in any treatment group in males or females compared with controls, although the 

incidence of squamous cell carcinoma of the oral mucosa in female rats in the 2.4 mg hexavalent 

chromium/kg-day group (4.6%) exceeded that of historical controls (0/300 in drinking water 

studies; 511,400 by all routes). Other neoplasms observed in treated rats included pancreatic 

acinar adenoma and benign pheochromocytomas in males and mononuclear cell leukemia in 

females (Table 4-16). However, the incidence of these neoplasms did not exhibit dose

dependence. Thus, NTP (2008) concluded that the relationship of neoplastic changes in other 

tissues (e.g., not of the oral cavity) to exposure to sodium dichromate dihydrate was uncertain. 
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Table 4-15. Incidence of neoplastic lesions observed in the oral cavity of 
male and female F344/N rats exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Neoplasm type 0 0.21 0.77 2.1 

Males 

Oral mucosa, squamous cell papilloma 

Overall ratea,b 0/50 0/50 0/49 0/50 
(0%) (0%) (0%) (0%) 

Oral mucosa, squamous cell carcinOlua 

Overall ratea 0/50 0/50 0/49 0/50 
(0%) (0%) (0%) (0%) 

Adjusted rateC 0% 0% 0% 0% 
P < 0.001 

Tongue, squamous cell papilloma 

Overall ratea,b 0/50 0/50 0/49 0/50 
(0%) (0%) (0%) (0%) 

Tongue, squamous cell carcinoma 

Overall ratea 0/50 1/50 0/49 0/50 
(0%) (2%) (0%) (0%) 

Oral mucosa or tongue, squamous cell papilloma or carcinoma 

Overall ratea 0/50 1/50 0/49 0/50 

5.9 

1/49 
(2%) 

6/49 
(12%) [543] 

13.6% 
P = O.oI5 

1/49 
(2%) 

0/49 
(0%) 

7/49 
(0%) (2%) [729T] (0%) (0%) (14.5%) [543] 

Adjusted rateC 0% 2.4% 0% 0% 15.7% 
P < 0.001 P = 0.007 

Treatment group (mg hexavalent chromium/kg-d) 

Neoplasm type 0 0.24 0.94 2.4 7.0 

Females 

Oral mucosa, squamous cell carcinOlua 

Overall rate a 0/50 0/50 0/50 2/50 11/50 
(0%) (0%) (0%) (4%) [646] (22%) [506] 

Adjusted rateC 0% 0% 0% 4.6% 23.9% 
P < 0.001 P < 0.001 

Tongue, squamous cell papilloma 

Overall ratea,b 1/50 1/50 0/50 0/50 0/50 
(2%) (2%) (0%) (0%) (0%) 

Tongue, squamous cell carcinoma 

Overall ratea,b 0/50 0/50 0/50 1/50 0/50 
(0%) (0%) (0%) (2%) (0%) 
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Table 4-15. Incidence of neoplastic lesions observed in the oral cavity of 
male and female F344/N rats exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Neoplasm type 0 0.24 0.94 2.4 

Females 

Oral mucosa or tongue, squamous cell papilloma or carcinoma 

Overall rate a 1/50 1/50 0/50 2/50 

7.0 

11/50 
(2%) [618] (2%) [729T] (0%) (4%) [646] (22%) [506] 

Adjusted rateC 2.2% 2.3% 0% 4.6% 23.9% 
P < 0.001 P = 0.002 

aOverall rate: number of animals with lesion/number of animals examined; parenthesis are the percent of animals 
examined with lesion; brackets are days to first incidence; T: observed at terminal sacrifice. p-Value under 
treatment group incidence data indicates statistically significant Poly-3 test for pairwise comparison between 
control and exposed group. Statistical analysis using overall rates was only conducted if adjusted rates were not 
determined. 
b Adjusted rate not reported. 
CAdjusted rate: Poly-3 estimated neoplasm incidence (expressed as percent of animals with neoplasm) adjusted for 
intercurrent mortality. p-Value under control group indicates statistically significant positive Poly -3 trend test. 
p-Value under treatment group incidence data indicates statistically significant Poly-3 test for pairwise comparison 
between control and exposed groups, using adjusted rates. 

Source: NTP (2008). 

Table 4-16. Neoplastic lesions in other tissues (e.g., nonoral cavity) in 
F344IN rats exposed to sodium dichromate dihydrate in drinking water for 
2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Neoplasm type 0 0.21 0.77 2.1 5.9 

Males 

Pancreatic acinar adenoma 1/50a,b 2/50 6/49c 2/50 2/49 

Benign pheochromocytoma (adrenal medulla) 6/49a,b 13/50c 14/49c 5/50 4/49 

Treatment group (mg hexavalent chromium/kg-d) 

Neoplasm type 0 0.24 

Females 

Mononuclear cell leukemia 8/50a,b 18/50c 

aNumber of animals with lesion/number of animals examined. 
bNot statistically significant for positive trend (p > 0.05) by the Poly-3 test. 
CSignificantly different from controls by the Poly-3 test (p < 0.05). 

Source: NTP (2008). 

0.94 2.4 7.0 

13/50 7/50 11/50 

In conclusion, from the NTP (2008) 2-year drinking water toxicology and carcinogenicity 

study on sodium dichromate dihydrate, EPA identified NOAEL and LOAEL values for 

noncancer effects in male rats of 0.21 and 0.77 mg hexavalent chromium/kg-day, respectively, 

110 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118138 



based on increased incidences of nonneoplastic histopathological changes to the liver (basophilic 

foci), duodenum (histiocytic cellular infiltrate), and mesenteric lymph nodes (histiocytic cellular 

infiltrate and hemorrhage). Although hematological effects indicative of microcytic, 

hypochromic anemia were observed in male rats exposed to "20.77 mg hexavalent chromium/kg

day from 4 days to 6 months, the severity of effects decreased over time, such that only small 

changes «5%) were observed at "22.1 mg hexavalent chromium/kg-day after 12 months of 

exposure; therefore, hematological effects were not considered by EPA as the basis for the 

chronic NOAEL in male rats. In female rats, a LOAEL for noncancer effects of 0.24 mg 

hexavalent chromium/kg-day was identified by EPA based on the increased incidence of chronic 

inflammation of the liver (observed in all treatment groups); a NOAEL was not identified 

because these liver effects were seen at the lowest dose tested. In addition to noncancer effects, 

exposure of rats to sodium dichromate dihydrate in drinking water for 2 years resulted in a 

significant increase in squamous epithelial neoplasms of the oral mucosa and tongue at the 

highest exposure level (average daily doses of 5.9 and 7.0 mg hexavalent chromium/kg-day in 

males and females, respectively), but not at the three lower exposure levels. NTP (2008) 

concluded that results from this study provide clear evidence of carcinogenic activity of sodium 

dichromate dihydrate in male and female F344IN rats based on increased incidences of 

squamous cell neoplasms of the oral cavity. 

B6C3F 1 mice were exposed to sodium dichromate dihydrate in drinking water for up to 

2 years (NTP, 2008). Groups of 50 male mice (male "core" study animals) were exposed to 

sodium dichromate dihydrate in drinking water at concentrations ofO, 14.3,28.6,85.7, or 

257.4 mg sodium dichromate dihydrate/L (equivalent to 0, 5, 10,30, or 90 mg hexavalent 

chromiumIL, respectively). Based on water consumption measured throughout the study, 

NTP (2008) calculated average daily doses for males over the 2-year treatment duration of 

approximately 0, 1.1,2.6, 7, or 17 mg sodium dichromate dihydrate/kg-day (equivalent to 0, 

0.38,0.91,2.4, or 5.9 mg hexavalent chromium/kg-day, respectively). Groups of 50 female mice 

(female "core" study animals) were exposed to sodium dichromate dihydrate in drinking water at 

concentrations ofO, 14.3,57.3,172, or 516 mg sodium dichromate dihydrate/L (equivalent to 0, 

5,20, 50, or 190 mg hexavalent chromiumIL, respectively). Based on water consumption 

measured throughout the study, NTP (2008) calculated average daily doses for females over the 

2-year treatment duration of approximately 0, 1.1,3.9,9, or 25 mg sodium dichromate 

dihydrate/kg-day (equivalent to 0,0.38, 1.4,3.1, or 8.7 mg hexavalent chromium/kg-day, 

respectively). "Core" study mice were subjected to the same evaluations and procedures as those 

described above for "core" study rats (NTP, 2008). An additional "special study" group of 

female mice (1 O/group) were exposed to the same drinking water concentrations of sodium 

dichromate dihydrate as "core" animals for up to 53 weeks. For the "special study" mice only, 

blood was collected on day 22 and at 3, 6, and 12 months for hematologic analyses only (i.e., 

Hct; Hgb concentration; erythrocyte, reticulocyte, and platelet counts; erythrocyte and platelet 
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morphology; MCV; MCR; MCRC; and leukocyte count and differentials). At the end of the 

53-week treatment period, "special study" animals were evaluated for chromium tissue 

distribution (see Section 3.2 for the results of this study). 

Survival rates of "core" study mice exposed to sodium dichromate dihydrate were similar 

to controls (NTP, 2008). Throughout the study, water consumption by males and females was 

decreased in the two highest dose groups compared with controls. During the second year of the 

study, water consumption in the two highest dose groups was decreased by 15 and 35%, 

respectively, in males and by 25 and 32%, respectively, in females (statistical significance not 

reported). No data on food consumption were reported. At the end of the 2-year treatment 

period, body weight in males in the highest dose group was decreased by 6% compared with 

controls (statistical significance not reported), and body weight in females in the two highest 

dose groups was decreased by 8 and 15%, respectively. NTP (2008) suggested that decreased 

body weights in the highest dose groups may have been partially due to reduced water 

consumption because of poor drinking water palatability, rather than an adverse effect of sodium 

dichromate dihydrate exposure. No treatment-related signs of clinical toxicity were observed 

throughout the study. 

Results of hematology analyses in "special study" female mice (hematology was not 

assessed in male mice) showed that exposure to sodium dichromate dihydrate in drinking water 

produced hypochromic microcytosis (NTP, 2008), characterized by dose-related decreases in 

MCV and MCR and increases in erythrocyte counts (Table 4-17); the magnitude of change in 

other hematological parameters was small (:S5% compared with controls). The pattern of dose

and duration-related severity in female mice was similar to that observed in male "special study" 

rats (as described above); however, severity in mice was less than in rats. Thus, exposure of 

female mice to sodium dichromate dihydrate in drinking water produced microcytosis at 

subchronic exposure durations (22 days to 3 months), with decreased severity at 6-12 months. 
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Table 4-17. Hematological effects in female B6C3F 1 mice exposed to sodium 
dichromate dihydrate in drinking water for up to 12 months 

Hematological Time on Treatment group (mg hexavalent chromium/kg-d) 

parameter treatment 0 0.38 1.4 3.1 8.7 

MCV(fL) D22 48.8 ± 0.2a 48.3±0.lb 47.8 ± 0.2c 47.0 ± 0.2c 46.8 ± 0.2c 
(90.0) (98.0) (96.3) (9S.9) 

M03 47.2 ± 0.1 46.9 ± 0.3 46.7 ± 0.1 4S.1 ± 0.2c 43.7 ± 0.3 c 

(99.4) (98.9) (9S.6) (92.6) 

M06 4S.8 ± 0.2 4S.S ± 0.3 4S.1 ± 0.2b 44.6 ± 0.2c 42.8 ± 0.3 c 

(99.3) (98.S) (97.4) (93.4) 

Mo 12 46.9 ± 0.3 46.9 ± 0.3 46.3 ± 0.3 4S.2 ± 0.2c 43.9 ± OS 
(100) (98.7) (96.4) (93.6) 

MCR (pg) D22 16.4 ± 0.1 16.2 ± O.Ob IS.9±0.lc IS.7±0.lc IS.S±O.lc 
(98.8) (97.0) (9S.7) (94.S) 

M03 IS.8 ± 0.0 IS.7 ± 0.1 IS.6 ± O.Oc 14.9±0.lc 14.3±0.lc 
(99.4) (98.7) (88.6) (90.S) 

M06 IS.3 ± 0.1 IS.2 ± 0.1 IS.1 ± 0.1 14.9±0.lc 14.1±0.lc 
(99.3) (98.7) (97.4) (92.2) 

Mo 12 IS.S ± 0.1 IS.7 ± 0.2 IS.S ± 0.1 IS.1 ± O.lb 14.4 ± 0.2c 
(101.3) (100) (97.4) (92.9) 

Erythrocyte D22 1O.2S ± O.IS 10.20 ± 0.08 10.47 ± 0.19 10.77 ± O.13b 10.61 ± O.13b 

count (106/!1L) (99.S) (102.1) (lOS. 1) (103.S) 

M03 10.10 ± 0.16 10.66 ± O.13b IO.SS ± 0.17b 1O.9S ± O.lOc I1.5S ± 0.16c 

(IOS.S) (104.S) (108.4) (114.4) 

M06 IO.S6 ± O.IS 10.81 ± 0.10 10.60 ± 0.13 10.77 ± 0.20 11.50 ± 0.20c 
(102.4) (100.4) (102.0) (108.9) 

Mo 12 9.S8 ± 0.10 9.72 ± 0.09 9.77 ± 0.10 9.9S ± O.13b 10.30 ± 0.21 c 
(101.4) (102.0) (103.9) (107.S) 

aValues are means ± SE; values in parenthesis are percent of control; n = 10 mice/group, with the exception of 
1.4 mg hexavalent chromiumlkg-d group on mo 12 (n = 9). 
bSignificantly different (p::; O.OS) from the control group by Dunn's or Shirley's test. 
CSignificantly different (p ::; 0.01) from the control group by Dunn's or Shirley's test. 

Source: NTP (2008). 

Gross and microscopic examinations of "core" study mice exposed to sodium dichromate 

dihydrate in drinking water for 2 years showed nonneoplastic lesions of the small intestine, liver, 

lymph nodes, and pancreas, and neoplastic lesions of the small intestine (NTP, 2008). Incidence 

data for nonneoplastic lesions are summarized in Table 4-18. In the small intestine, statistically 

significant increases in the incidences of minimal-to-mild diffuse epithelial hyperplasia of the 

duodenum were observed in male and female mice in all treatment groups and of the jejunum in 

females at 8.7 mg hexavalent chromium/kg-day, compared with controls. NTP (2008) noted that 

diffuse epithelial hyperplasia is consistent with tissue regeneration following epithelial cell 

damage. Incidences of minimal-to-mild histiocytic cellular infiltration of the duodenum were 
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increased at 2':2.4 and 2':3.1 mg hexavalent chromium/kg-day in males and females, respectively, 

and of the jejunum at 8.7 mg hexavalent chromium/kg-day in females, compared with controls. 

Moderate-to-severe focal epithelial hyperplasia was also observed in the duodenum in males and 

females, although incidences were not significantly different from controls (the incidence did not 

exceed 2/50 rats in any dose group) and did not exhibit dose-dependence. Due to its 

morphological similarity to adenoma, focal epithelial hyperplasia was classified as a 

preneoplastic lesion by NTP (2008). 
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Table 4-18. Incidence of nonneoplastic lesions observed in male and female 
B6C3F 1 mice exposed to sodium dichromate dihydrate in drinking water for 
2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 0.38 0.91 2.4 5.9 

Males 

Small intestine, duodenum (diffuse O/SOa 11lS0b 18/S0b 42/S0b 32/S0b 
epithelial hyperplasia) (2.0) (1.6) (2.1) (2.1) 

Small intestine, duodenum (histiocytic O/SO 2/S0 4/S0 37/S0b 3S/S0b 

cellular infiltration) (1.0) (1.0) (1.2) (1.7) 

Lymph node, mesenteric (histiocytic 14/47 38/49b 31149b 32/49b 42/46b 

cellular infiltration) (1.2) (1.1) (1.2) (1.5) (2.S) 

Lymph node, pancreatic (histiocytic O/S 2/13 2/10 S/8c 12/16c 

cellular infiltration) (1.0) (1.0) (1.4) (2.3) 

Pancreas (cytoplasmic alteration) 0/49 1149 liS 0 9/49b 8/48b 

(3.0) (3.0) (2.1) (2.6) 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue (lesion type) 0 0.38 1.4 3.1 8.7 

Females 

Small intestine, duodenum (diffuse O/SOa 16/S0b 3S/S0b 311S0b 42/S0b 
epithelial hyperplasia) (1.6) (1.7) (1.6) (2.2) 

Small intestine, duodenum (histiocytic O/SO O/SO 4/S0 33/S0b 40/S0b 

cellular infiltration) (1.3) (1.2) (2.0) 

Small intestine, jejunum (diffuse epithelial O/SO 2/S0 liS 0 O/SO 8/S0b 

hyperplasia) (2.0) (1.0) (1.9) 

Small intestine, jejunum (histiocytic O/SO O/SO O/SO 2/S0 8/S0b 

cellular infiltration) (1.0) (1.6) 

Liver (histiocytic cellular infiltration) 2/49 IS/SOb 23/S0b 32/S0b 4S/S0b 

(1.0) (1.1) (1.0) (1.0) (1.9) 

Liver (chronic inflammation) 16/49 211S0 22/S0 27/S0b 24/S0 
(1.1) (1.1) (1.10 (1.1) (1.0) 

Lymph node, mesenteric (histiocytic 3/46 29/48b 26/46b 40/S0b 42/S0b 
cellular infiltration) (1.0) (1.3) (1.1) (1.9) (2.7) 

Lymph node, pancreatic (histiocytic 0/14 1112 2/1S 7/14b 8/13b 

cellular infiltration) (1.0) (1.5) (1.9) (2.S) 

Pancreas (cytoplasmic alteration) 0/48 6/S0c 6/49c 14/S0b 32/S0b 
(2.S) (2.0) (2.4) (2.6) 

aNumber of animals with lesion/number of animals examined; parenthesis indicate average severity grade, with 
1 = minimal' 2 = mild' 3 = moderate' 4 = severe 
bSignificantl~ different (p::; 0.01) fr;m the cont;ol group by the Poly-3 test. 
CSignificantly different (p ::; O.OS) from the control group by the Poly-3 test. 

Source: NTP (2008). 

In the liver of female mice, dose-dependent increases were observed in the incidences of 

histiocytic infiltration at all doses and of chronic inflammation in the 3.1 mg hexavalent 
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chromium/kg-day group, both lesions were minimal to mild in severity. Significant decreases in 

the incidences of clear cell and eosinophilic foci were observed in the liver of males at 5.9 mg 

hexavalent chromium/kg-day and of eosinophilic foci in the liver of females at 2':3.1 mg 

hexavalent chromium/kg-day; NTP (2008) indicated that the biological significance of these 

decreases is uncertain. 

Dose-dependent increases in the incidences and severity (minimal-to-mild) of histiocytic 

cellular infiltration of the mesenteric lymph nodes were observed in males and females in all 

treatment groups and of the pancreatic lymph nodes in males and females at2':2.4 and 2':3.1 mg 

hexavalent chromium/kg-day, respectively, compared with controls. 

In the pancreas, the dose-dependent increases in the incidences and severity (mild-to

moderate) of cytoplasm alterations, characterized by depletion of cytoplasm zymogen granules, 

were observed at 2':2.4 mg hexavalent chromium/kg-day in males and in all treatment groups in 

females. NTP (2008) stated that the biological significance of this finding is uncertain. 

Incidence data for neoplastic lesions of the small intestine in male and female mice 

exposed to sodium dichromate dihydrate in drinking water for 2 years are summarized in 

Table 4-19 (NTP, 2008). In male mice, incidences of combined small intestine (duodenum, 

jejunum, and ileum) adenoma or carcinoma were significantly increased at 2':2.4 mg hexavalent 

chromium/kg-day and incidences of duodenal adenoma, small intestine adenoma, and small 

intestine carcinoma were significantly increased at 5.9 mg hexavalent chromium/kg-day. In 

addition, significant positive dose-related trends were observed for the incidences of duodenal 

adenoma, duodenal carcinoma, jejunal adenoma, small intestine adenoma, small intestine 

carcinoma, and combined small intestine adenoma or carcinoma. In female mice, significant 

increases in the incidences of duodenal adenoma, small intestine adenoma, and combined small 

intestine adenoma or carcinoma were observed at 2':3.1 mg hexavalent chromium/kg-day and 

incidences of duodenal carcinoma, jejunal adenoma, and small intestine carcinoma were 

significantly increased at 8.7 mg hexavalent chromium/kg-day. Significant positive dose-related 

trends were observed for duodenal adenoma, duodenal carcinoma, jejunal adenoma, small 

intestine adenoma, small intestine carcinoma, and combined small intestine adenoma or 

carCInoma. No other statistically or biologically significant neoplasms were observed in other 

tissues. 
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Table 4-19. Incidence of neoplastic lesions observed in the small intestine of 
male and female B6C3F 1 mice exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue and lesion type 0 0.38 0.91 2.4 5.9 

Males 

Duodenum, adenoma 

Overall ratea,b 0/50 0/50 0/50 0/50 6/50 
(0%) (0%) (0%) (0%) (12%) 

p :::;0.05 

Duodenum, all adenoma (includes multiple adenomas) 

Overall ratea 1/50 0/50 1/50 5/50 15/50 
(2%) [665] (0%) (2%) [729T] (10%) [729T] (30%) [451] 

Adjusted rateC 2.2% 0% 2.3% 10.8% 32.9% 
p < 0.001 p < 0.001 

Duodenum, carcinoma 

Overall ratea 0/50 0/50 0/50 2/50 3/50 
(0%) (0%) (0%) (4%) [729T] (6%) [729T] 

Adjusted rateC 0% 0% 0% 4.3% 6.8% 
p < 0.01l 

Jejunum, adenoma 

Overall ratea 0/50 0/50 0/50 0/50 3/50 
(0%) (0%) (0%) (0%) (6%) [714] 

Adjusted rateC 0% 0% 0% 0% 6.8% 
p = 0.002 

Jejunum, multiple carcinoma 

Overall ratea,b 0/50 1/50 0/50 0/50 0/50 

Jejunum, all carcinoma (includes multiple) 

Overall ratea,b 0/50 2/50 0/50 1/50 2/50 

All small intestined
, adenoma 

Overall ratea 1/50 1/50 1/50 5/50 17/50 
(2%) [665] (2%) [729T] (2%) [729T] (10%) [729T] (34%) [451] 

Adjusted rateC 2.2% 2.3% 2.3% 10.8% 37.2% 
p < 0.001 p < 0.001 

All small intestined
, carcinoma 

Overall ratea 0/50 2/50 1/50 3/50 5/50 
(0%) (4%) [729T] (2%) [729T] (6%) [729T] (10%) [729T] 

Adjusted rateC 0% 4.5% 2.3% 6.5% 11.4% 
p = 0.014 p = 0.028 

All small intestined
, adenoma or carcinoma 

Overall ratea 1/50 3/50 2/50 7/50 20/50 
(2%) [665] (6%) [729T] (4%) [729T] (14%) [729T] (40%) [451] 

Adjusted rateC 2.2% 6.8% 4.6% 15.1% 43.8% 
p < 0.001 p = 0.032 p < 0.001 

117 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118145 



Table 4-19. Incidence of neoplastic lesions observed in the small intestine of 
male and female B6C3F 1 mice exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Treatment group (mg hexavalent chromium/kg-d) 

Tissue and lesion type 0 0.38 1.4 3.1 8.7 

Females 

Duodenum, multiple adenoma 

Overall ratea,b 0/50 0/50 0/50 1/50 6/50 
(0%) (0%) (0%) (2%) (12%) 

p :::;0.05 

Duodenum, all adenoma (includes multiple) 

Overall ratea 0/50 0/50 2/50 13/50 12/50 
(0%) (0%) (4%) [729T] (25%) [729T] (24%) [693] 

Adjusted rateC 0% 0% 4.2% 27.8% 25.2% 
p < 0.001 p < 0.001 p < 0.001 

Duodenum, carcinoma 

Overall ratea 0/50 0/50 0/50 1/50 6/50 
(0%) (0%) (0%) (2%) [729T] (12%) [625] 

Adjusted rateC 0% 0% 0% 2.1% 12.6% 
p < 0.001 p = 0.019 

Jejunum, multiple adenomas 

Overall ratea,b 0/50 0/50 0/50 0/50 1/50 
(0%) (0%) (0%) (0%) (2%) 

Jejunum, all adenomas (including multiple) 

Overall ratea 0/50 1/50 0/50 2/50 5/50 
(0%) (2%) [729T] (0%) (4%) [729T] (10%) [729T] 

Adjusted rateC 0% 2.2% 0% 4.3% 10.6% 
p = 0.002 p = 0.m5 

Jejunum, carcinoma 

Overall ratea,b 1/50 0/50 2/50 2/50 1/50 
(2%) (0%) (4%) (4%) (2%) 

All small intestined
, adenoma 

Overall ratea 0/50 1/50 2/50 15/50 16/50 
(0%) (2%) [729T] (4%) [729T] (30%) [729T] (32%) [693] 

Adjusted rateC 0% 2.2% 4.2% 32.0% 33.7% 
p < 0.001 p < 0.001 p < 0.001 

All small intestined
, carcinoma 

Overall ratea 1/50 0/50 2/50 3/50 7/50 
(2%) [729T] (0%) (4%) [729T] (6%) [729T] (14%) [625] 

Adjusted rateC 2.2% 0% 4.2% 6.4% 14.7% 
p < 0.001 p = 0.037 
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Table 4-19. Incidence of neoplastic lesions observed in the small intestine of 
male and female B6C3F 1 mice exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

All small intestined, adenoma or carcinoma 

Overall ratea 1/50 1/50 4/50 17/50 22/50 
(2%) [729T] (2%) [729T] (8%) [729T] (34%) [729T] (44%) [625] 

Adjusted rateC 2.2% 2.2% 8.3% 36.3% 45.9% 
P < 0.001 P < 0.001 P < 0.001 

aOverall rate: number of animals with lesion/number of animals examined; parentheses are the percent of animals 
examined with lesion; brackets indicate the days to first incidence; T: observed at terminal sacrifice. p-Value 
under treatment group incidence data indicates statistically significant Poly-3 test for pairwise comparison between 
control and exposed group. Statistical analysis using overall rates were only conducted if adjusted rates were not 
determined. 
b Adjusted rate not reported. 
CAdjusted rate: Poly-3 estimated neoplasm incidence (expressed as % of animals with neoplasm) adjusted for 
intercurrent mortality. p-Value under control group indicates statistically significant positive Poly -3 trend test. 
p-Value under treatment group incidence data indicates statistically significant Poly-3 test for pairwise comparison 
between control and exposed groups, using adjusted rates. 
dDuodenum, jejunum, or ileum. 

Source: NTP (2008). 

In conclusion, from the NTP (2008) 2-year toxicology and carcinogenicity study on 

sodium dichromate dihydrate, EPA identified a LOAEL for noncancer effects of 0.38 mg 

hexavalent chromium/kg-day in male and female B6C3F 1 mice; a NOAEL value was not 

identified because effects were seen at the lowest dose administered. In males, the LOAEL was 

based on increased incidences of histopathological changes to the duodenum (diffuse epithelial 

hyperplasia) and mesenteric lymph nodes (histiocytic cellular infiltration); in females, the 

LOAEL was based on increased incidences of histopathological changes to the duodenum 

(diffuse epithelial hyperplasia), mesenteric lymph nodes (histiocytic cellular infiltration), liver 

(histiocytic cellular infiltration), and pancreas (depletion of cytoplasmic zymogen granules). 

Although mild microcytic, hypochromic anemia was observed in female mice at 2':0.38 mg 

hexavalent chromium/kg-day after 22 days of exposure, the severity of these effects decreased 

over time, such that only small changes «5%) were observed at 2':3.1 mg hexavalent 

chromium/kg-day after 12 months of exposure; therefore, hematological effects were not 

considered by EPA as the basis for the chronic LOAEL value in female mice. Tn addition to 

noncancer effects, exposure ofB6C3F 1 mice to sodium dichromate dihydrate in drinking water 

for 2 years resulted in significant increases in the incidences of neoplasms of the small intestine 

in males and females at doses 2':2.4 and 2':3.1 mg hexavalent chromium/kg-day, respectively. 

NTP (2008) concluded that results of this study provide clear evidence of carcinogenic activity 

of sodium dichromate dihydrate in male and female B6C3F 1 mice based on increased incidences 

of neoplasms of the small intestine. 
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Although water consumption was reduced in both male and female rats and mice at the 

two highest doses in the NTP (2008) study, the NTP concluded that the animals in this two-year 

bioassay were not suffering from dehydration, and thus this reduced water consumption had little 

impact on the study results. More specifically, the NTP stated the following regarding this 

potential dehydration issue in their final Technical Report (NTP, 2008): 

The lower body weights observed in male and female rats and mice exposed to 
the two highest exposure concentrations were partly attributed to poor palatability 
of the dosed water and consequent reductions in water consumption. However, 
several lines of evidence suggest that the animals were not dehydrated. When 
water consumption is adjusted for body weight (data not shown), dosed male and 
female rats and female mice drank approximately the same quantities of water per 
gram of body weight as the controls after the first 20 weeks on study. Male mice 
exposed to 257.4 mglL drank less water per gram of body weight than did the 
controls throughout the study. Although mean body weights and water 
consumption were reduced in the higher exposure concentration groups, the 
average daily doses (mg sodium dichromate dihydrate per kilogram body weight) 
were in the same proportions as the drinking water concentrations (mg/L) for 
male and female rats and mice. Clinical observations related to dehydration 
including loss of skin turgor, dry mucous membranes, retraction of eyes, 
hypoactivity, and poor hair coats were not observed in rats or mice in the 2-year 
studies of sodium dichromate dihydrate. Abnormalities in hematology and clinical 
chemistry parameters that typically indicate dehydration include increases in 
hematocrit, urine specific gravity, and serum concentrations of albumin, total 
protein, and urea nitrogen. In the current 2-year studies, hematology and clinical 
chemistry parameters were measured in male rats on days 4 and 22 and at months 
3, 6, and 12. Significant decreases in hematocrit and serum concentrations of 
albumin and total protein were observed in males exposed to 516 mglL. Taken 
together, these data suggest that the neoplastic and nonneoplastic effects of 
sodium dichromate dihydrate were not associated with dehydration. 

Borneff et aI., 1968 

Borneff et al. (1968) conducted a long-term animal cancer bioassay of hexavalent 

chromium administered in drinking water. Using a three-generation study design, Borneff et al. 

(1968) treated 120 female and 10 male NMRI mice with 1 mg potassium chromate/day 

(500 ppm) in drinking water (containing 3% household detergent). A control group of animals 

received drinking water (3% detergent) only. An outbreak of mousepox (ectromelia) virus 

occurred during the 8th month of the experiment, and within 3 months, the majority (512) of the 

animals died. All animals received a mousepox vaccination 2 months after the outbreak, and this 

effectively ended the epidemic and the study continued. Two carcinomas of the stomach were 

observed in female mice exposed to potassium chromate. No malignant stomach tumors were 

found in control mice. Nine benign stomach tumors were observed in female mice exposed to 

potassium chromate. The combined incidence of malignant and benign stomach tumors (11/66) 
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in potassium chromate-exposed-female mice was significantly different than the combined 

incidence of tumors in control female mice (2/79; Fisher's exact test,p < 0.05). This increase in 

tumors, however, was seen almost exclusively in the generation most affected by the epidemic, 

and it is likely that the observed increase in tumors was due, at least in part, to the infection. 

Because of the unknown impact of the mousepox infection on the results of this study, as well as 

other methodological problems, EPA chose not to identify a NOAEL or LOAEL from this study. 

Furthermore, this study is considered unsuitable for the assessment of the oral carcinogenicity of 

hexavalent chromium. 

Anwar et ai., 1961 

The effects of chronic oral exposure to hexavalent chromium were evaluated in dogs by 

Anwar et al. (1961). Dogs (one control dog and one to two dogs/treatment group) were exposed 

to potassium chromate in drinking water at concentrations of 0, 0.45, 2.25, 4.5, 6.75, or 11.2 mg 

hexavalent chromiumlL for 4 years. Several different breeds of dogs (German shepherds, 

poodles, and beagles) were used and body weights of animals were not reported; thus, daily 

hexavalent chromium doses cannot be accurately estimated. Throughout the exposure period, 

animals were evaluated for clinical signs of toxicity, and food consumption and growth rate were 

recorded (frequency of observations not reported). At monthly intervals, blood was obtained for 

evaluation of hematology (i.e., erythrocyte counts, total and differential leukocyte counts, and 

Hgb), and at 6-month intervals, urine was analyzed for albumin, acetone, bile pigments, glucose, 

erythrocytes, and specific gravity. At the end of the 4-year treatment period, weights of the liver, 

kidney, and spleen were recorded, and microscopic examination was conducted on selected 

tissues of major organs. No chromium-related effects were observed. Interpretation of the study 

results is limited by the small number of animals evaluated and the inability to estimate daily 

doses of hexavalent chromium received by the treated animals. A NOAEL or LOAEL could not 

be identified from this study by EPA. 

MacKenzie et ai., 1958 

MacKenzie et al. (1958) conducted two experiments in which Sprague-Dawley rats were 

administered hexavalent chromium in drinking water for 1 year. In the first experiment, groups 

of rats (10 per sex in the control group and 8 per sex in the treatment groups) were exposed to 

drinking water containing potassium chromate at concentrati ons of 0, 0.4 5, 2.2, 4.5, 7.7, or 

11 mg hexavalent chromiumlL. In the second experiment, groups of 12 male and 9 female rats 

were exposed to drinking water containing potassium chromate at concentrations of 0 or 25 mg 

hexavalent chromiumlL. For experiment 1, MacKenzie et al. (1958) reported that drinking water 

consumption and body weights in the treatment groups were comparable to controls, although 

data were not reported. Using reference values for body weight (males: 0.523 kg; females: 

0.338 kg) and daily drinking water intake (males: 0.062 L/day; females: 0.045 L/day) for adult 
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male and female Sprague-Dawley rats (U.S. EPA, 1988), doses of 0.05, 0.26, 0.53, 0.91, or 

1.3 mg hexavalent chromium/kg-day for males and 0.06,0.29,0.60, 1.0, or 1.5 mg hexavalent 

chromium/kg-day for females exposed to drinking water containing 0.45,2.2,4.5, 7.7, or 11 mg 

hexavalent chromiumlL, respectively, were estimated by EPA. For experiment 2, drinking water 

consumption was decreased by 16 and 27% in male and female rats, respectively. Thus, using 

reference values for body weight and daily drinking water intake for adult male and female 

Sprague-Dawley rats (listed above; U.S. EPA, 1988) and assuming decreases in water 

consumption of 16 and 27% in males and females, respectively, average daily doses of2.8 and 

2.4 mg hexavalent chromium/kg-day in males and females, respectively, were estimated by EPA. 

Throughout the treatment period in both experiments, animals were examined for clinical signs 

of toxicity, and weight gain and food and water consumption were recorded (frequency of 

observations not reported). At monthly intervals, blood was analyzed for Hgb, erythrocyte 

counts, and total and differential leukocyte counts. At the end of treatment, microscopic 

examinations of selected tissues (kidney, adrenal gland, liver, spleen, heart, brain, stomach, 

duodenum, ileum, colon, and bone marrow) were conducted (as described by Decker et aI., 

1958). No treatment-related clinical signs of toxicity, effects on food consumption, body weight 

gain, or histopathological findings were observed. Therefore, EPA identified a NOAEL of 2.8 

mg/kg-day. 

4.3. REPRODUCTIVE AND DEVELOPMENTAL TOXICITY STUDIES-ORAL 

Studies evaluating the potential reproductive effects of oral exposure to hexavalent 

chromium compounds have been conducted in monkeys (Aruldhas et aI., 2006, 2005, 2004; 

Subramanian et aI., 2006), rats (Bataineh et aI., 2007, 1997; Elsaieed and Nada, 2002; Li et aI., 

2001; Kanojia et aI., 1998, 1996; NTP, 1996b; Chowdhury and Mitra, 1995;), mice (AI-Hamood 

et aI., 1998; Elbetieha and AI-Hamood, 1997; NTP, 1997; 1996a; Junaid et aI., 1996a, b, 1995; 

Murthy et aI., 1996; Zahid et aI., 1990; Trivedi et aI., 1989), and rabbits (Yousef et aI., 2006). In 

addition, several studies have specifically evaluated the potential effects of pregestational, 

gestational, or lactational exposure on fetal development in rats (Banu et aI., 2008; Elsaieed and 

Nada, 2002; Kanojia et aI., 1998, 1996) and mice (AI-Hamood et aI., 1998; Junaid et aI., 

1996a, b, 1995; Trivedi et aI., 1989). Studies conducted by NTP (1997, 1996a,b) and Zahid et ai. 

(1990) evaluated dietary exposure; all other studies evaluated animals exposed to hexavalent 

chromium in drinking water or by gavage. In general, studies that evaluated developmental 

effects of hexavalent chromium were conducted at higher exposure levels than those that 

evaluated reproductive effects. 

Collectively, the available studies provide evidence that oral exposure oflaboratory 

animals to hexavalent chromium compounds produces adverse reproductive effects, including 

histopathological changes to reproductive organs in males (Aruldhas et aI., 2006, 2005, 2004; 

Chowdhury and Mitra, 1995; Li et aI., 2001; Zahid et aI., 1990) and females (Murthy et aI., 
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1996); alterations in sperm, including decreased count, decreased motility, and abnormal 

morphology (Subramanian et aI., 2006; Yousefet aI., 2006; Li et aI., 2001; Zahid et aI., 1990); 

decreased plasma testosterone levels (Y ousef et al., 2006; Chowdhury and Mitra, 1995); 

increased estrous cycle length (Kanojia et aI., 1998, 1996; Murthy et aI., 1996); changes in 

mating behavior and decreased fertility in males (Bataineh et aI., 1997); and adverse 

reproductive outcomes, including decreased numbers of live fetuses and implantations, and 

increased numbers of resorptions and pre- and postimplantation losses (Bataineh et aI., 2007; 

Elsaieed and Nada, 2002; Elbetieha and AI-Hamood, 1997; Junaid et aI., 1996a,b, 1995; Kanojia 

et aI., 1998, 1996; Trivedi et aI., 1989). Developmental effects observed have included 

decreased fetal weight and length (Elsaieed and Nada, 2002; Kanojia et aI., 1998; Junaid et aI., 

1996a, b, 1995; Trivedi et aI., 1989); external (subdermal hemorrhage and tail malformations) 

and skeletal abnormalities (decreased ossification) (Elsaieed and Nada, 2002; Junaid et aI., 

1996a, b, 1995; Kanojia et aI., 1998, 1996; Trivedi et aI., 1989); and delayed sexual maturation 

and function in female offspring (Banu et aI., 2008; AI-Hamood et aI., 1998). In contrast to 

results of the above studies, adverse effects were not observed in dietary exposure studies 

conducted by NTP that investigated the potential for hexavalent chromium to produce adverse 

effects on male reproductive organs in rats and mice (NTP, 1996a,b) and on reproductive 

outcomes in a continuous breeding study in mice (NTP, 1997). 

The following review of available reproductive and developmental studies is organized as 

follows: (1) studies evaluating effects on reproductive tissues and mating behavior, (2) studies 

evaluating effects on reproductive outcomes, (3) studies evaluating pregestational exposure on 

reproductive outcomes and fetal development, and (4) studies evaluating gestational and/or 

lactational exposure on reproductive outcomes and fetal development. The results of these 

studies are summarized in Section 4.5, Synthesis of Maj or Noncancer Effects, Table 4-26. 

4.3.1. Effects on Reproductive Tissues and Mating Behavior 

Aruldhas et ai., 2006, 2005, 2004; Subramanian et ai., 2006 

In a series of studies conducted by the same research group, adverse effects on male 

reproductive organs were observed in monkeys exposed to hexavalent chromium in drinking 

water (Aruldhas et aI., 2006, 2005, 2004; Subramanian et aI., 2006). All of these studies 

followed the same exposure protocol; adult male bonnet monkeys (6-8 years old) were exposed 

to drinking water containing 0, 100, 200, or 400 mg potassium dichromate/L in Aruldhas et ai. 

(2006,2005,2004) or 0, 50, 100,200, or 400 mg potassium dichromate/L in Subramanian et ai. 

(2006) for 180 days; two of the studies included a 180-day post-treatment recovery period 

(Aruldhas et aI., 2006; Subramanian et aI., 2006). Aruldhas et ai. (2004) noted that 400 mg 

potassium dichromate/L was selected as the maximum concentration tested because exposure to 

higher concentrations resulted in decreased food and drinking water consumption and death 

within 3 months. At the beginning of the treatment period, body weights of monkeys were 
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reported as 7-8 kg by Aruldhas et ai. (2005) and 7-9 kg by Subramanian et ai. (2006). Although 

body weights were not reported by Aruldhas et ai. (2006, 2004), it is assumed that initial body 

weights were similar in all studies. The study authors did not report body weights or drinking 

water consumption over the course of treatment or calculate daily doses of hexavalent chromium. 

For this review, daily doses of 0, 1.0,2.1,4.1, and 8.3 mg hexavalent chromium/kg-day for the 0, 

50, 100,200, or 400 potassium dichromate/L groups, respectively, were estimated using the 

allometric equation for drinking water consumption for primates (0.09 x body weighto.7945; U.S. 

EPA, 1988) and an average reported initial body weight of 8 kg (Subramanian et aI., 2006; 

Aruldhas et aI., 2005); however, these dose estimates are uncertain due to the absence of data on 

body weight and drinking water consumption over the course of the 6-month treatment period. 

In the following discussions, the three treatment groups evaluated in the Aruldhas et ai. (2006, 

2005,2004) studies (i.e., 100,200, and 400 mg potassium dichromate/L, approximately 

equivalent to 2.1,4.1, and 8.3 mg hexavalent chromium/kg-day, respectively) are referred to as 

the low-, mid-, and high-dose groups, respectively; the four treatment groups evaluated in the 

Subramanian et ai. (2006) study (i.e., 50, 100,200, and 400 mg potassium dichromate/L, 

approximately equivalent to 1.0,2.1,4.1, and 8.3 mg hexavalent chromium/kg-day, respectively) 

are referred to as the lowest-, low-, mid-, and high-dose groups, respectively. 

Aruldhas et ai. (2004) conducted histological assessments of testes and epididymides 

from monkeys (three monkeys/group) following 180 days of treatment. Testes and epididymides 

were evaluated by light microscopy (resin-embedded slices) and transmission electron 

microscopy (TEM). In the three treatment groups, epididymal damage and the development of 

microcanals in the cauda epididymal epithelium were observed; severity of ductal damage 

increased with dose. In the low-dose group, the cauda epididymal epithelium appeared 

pseudostratified; degeneration of principal cells and epithelial rupture, with the lumen occluded 

by principal cells, were observed. In the mid-dose group, the occluded lumen appeared packed 

with immature germ cells and macrophages. In the high-dose group, hypertrophy of the caudal 

epithelium and "obliteration" of the ductal lumen were observed. The development of two 

morphologically distinct microcanals was observed in all treatment groups. Arulhhas et ai. 

(2004) proposed that microcanal development was an adaptive response to provide passage for 

spermatozoa around the obstructed ducts and to entrap spermatozoa that had been released into 

the epithelium due to the epithelial rupture. Appearance of tissues from the control group was 

not reported. Additional TEM evaluations of testes from monkeys (three monkeys/group) in the 

three hexavalent chromium treatment groups showed a dose-related accumulation of basal cells 

along the basal lamina of the epididymis, giving the epithelium a pseudostratified appearance, 

and intraepithelial macrophages (Aruldhas et aI., 2006). In addition, cells showed an 

accumulation of sperm-derived lipofuscin material, indicative of phagocytosis and processing of 

sperm. In contrast, these findings were not observed in testes from control monkeys. 
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Aruldhas et al. (2005) evaluated the effects of hexavalent chromium exposure in male 

monkeys at the completion of the 180-day treatment period (three monkeys/group) and following 

an additional 180-day recovery period (three monkeys/group); assessments included plasma 

chromium concentration, absolute and relative testicular weights, and microscopic (light and 

TEM) evaluations of testes. At the end of the treatment period, chromium plasma concentration 

was significantly (p < 0.05) increased in the three treatment groups, with increases reaching 

almost ninefold in the high-dose group compared to controls. Relative testicular weight was 

significantly (p < 0.05) decreased by 23, 35, and 34% in the low-, mid-, and high-dose groups, 

respectively; absolute testicular weight was not affected by treatment (data not reported). 

Following the recovery period, chromium plasma concentrations and relative testicular weight in 

treatment groups were comparable to controls. Light microscopic evaluations of testes in control 

monkeys showed seminiferous tubules and Leydig cells with normal appearance and cellular 

organization. In the three hexavalent chromium treatment groups, seminiferous tubules appeared 

disorganized, with decreased diameters, epithelial degeneration, and lumens filled with 

prematurely released germ cells and cellular debris; depletion of germ cells, hyperplasia of 

Leydig cells, and Sertoli cell fibrosis were also observed. TEM examination of testes from the 

three treatment groups showed morphological changes in spermatids (granulation of chromatin 

and vacuolization) and spermatocytes (fragmented chromatin and swollen mitochondria) and the 

presence of macrophages containing phagocytosed sperm; effects were more severe in the high

dose group. Following the recovery period, no histopathological findings were observed in 

testes of hexavalent chromium-treated monkeys, with the exception of "a few" prematurely 

released germ cells in the seminiferous tubular lumen (treatment group for this observations was 

not specified). 

Subramanian et al. (2006) evaluated sperm count and sperm straight-line velocity 

at monthly intervals during the 180-day treatment period; the same evaluations were 

conducted monthly in monkeys in the high-dose group during a 180-day recovery period. In the 

lowest-dose group, no effects were observed on sperm count or straight-line velocity. Sperm 

count was significantly decreased in the low-, mid-, and high-dose groups, compared with 

controls; decreases were dose- and duration-dependent. For example, in the low-dose group, 

significant (p < 0.05) decreases in sperm count were first observed after 4 months (11 % 

decrease), with a maximum decrease of 25% after 6 months; in the high-dose group, sperm 

counts were significantly decreased by 13% after 2 months, with a 30% reduction after 6 months. 

Similar effects were observed for sperm straight-line velocity. In the low-dose group, velocity 

was significantly (p < 0.05) decreased by 10 and 25% after 4 and 6 months of treatment, 

respectively; in the high-dose group, velocity was significantly decreased by 12% after 2 months 

and by 35% after 6 months. Effects on sperm count and straight-line velocity were reversible 

following withdrawal from treatment. During the first month of the recovery period (high-dose 

monkeys only), sperm count was significantly increased compared with that observed at the end 
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of the treatment period, with counts returning to pretreatment levels by month 3 of the recovery 

period; sperm velocity returned to pretreatment levels by month 3 of the recovery period. 

Results of these four studies (Aruldhas et aI., 2006, 2005, 2004; Subramanian et aI., 

2006) indicate that exposure of monkeys to hexavalent chromium as potassium dichromate in 

drinking water produced reversible changes to male reproductive organs, including disruption of 

spermatogenesis. Effects on sperm count and velocity and histopathological changes were 

observed in the low-, mid-, and high-dose groups (2':2.1 mg hexavalent chromium/kg-day), but no 

effects on sperm count or velocity were observed in monkeys in the lowest treatment group 

(1 mg hexavalent chromium/kg-day). This dose cannot be considered a NOAEL, however, 

because microscopic evaluations were not conducted in monkeys from this group. For this 

reason, NOAEL and LOAEL values from these studies were not identified by EPA. Although 

group sizes in these studies were small, the results provide evidence of adverse male 

reproductive effects in nonhuman primates exposed to hexavalent chromium in drinking water at 

concentrations as low as 35.3 mg hexavalent chromiumlL (2.1 mg hexavalent chromium/kg

day). 

Chowdhury and Mitra, 1995 

Effects of oral exposure to hexavalent chromium on male reproductive organs was 

evaluated in mature (age not reported) male Charles Foster rats that were administered 0, 20, 40, 

or 60 mg hexavalent chromium/kg-day as sodium dichromate in saline by gavage for 90 days 

(Chowdhury and Mitra, 1995). Although Chowdhury and Mitra (1995) stated that the control 

and exposure groups included 10 animals per group, conflicting summaries of the actual group 

sizes are presented in the report. Body weights were recorded twice weekly. At the end of the 

treatment period, testes were excised, weighed, and prepared for histological or biochemical 

evaluations, and serum testosterone activity was determined. For biochemical analyses, fresh 

tissue was homogenized and assayed for total cholesterol, activities of succinic dehydrogenase 

and 3~_L15 -hydroxy steroid dehydrogenase (3~_L15 -HSH), and total protein, deoxyribonucleic acid 

(DNA), and ribonucleic acid (RNA). For microscopic evaluations, testes were fixed in Bouin's 

fluid, embedded in paraffin, and stained with haematoxylin and eosin (H&E). 

Final body weight was significantly reduced by approximately 27% compared to controls 

in the mid- and high-dose groups (statistical significance not reported); absolute testis weights 

were significantly reduced by 28% (p < 0.05) and 35% (p < 0.001) in the mid- and high-dose 

groups, respectively, compared with controls. Serum testosterone levels were decreased by 31 % 

in the low- (p < 0.05) and mid-dose (p < 0.001) groups and by 47% (p < 0.001) in the high-dose 

group. Biochemical analysis of testes showed significant decreases in total cholesterol by 2% 

(p < 0.05) and 25% (p < 0.001) in the mid- and high-dose groups, respectively, and significant 

(p < 0.001) decreases in succinic dehydrogenase activity by 35 and 45% in the mid- and high

dose groups, respectively. In all treatment groups, 3~_L15 -HSH was significantly decreased by 
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25% (p < 0.05), 28% (p < 0.05), and 52% (p < 0.001) in the low-, mid-, and high-dose groups, 

respectively. Dose-related decreases in total testicular protein were observed, with decreases 

reaching 46% (p < 0.001) in the high-dose group. Testicular DNA and RNA levels were 

significantly decreased in the mid- and high-dose groups, with decreases reaching 45% 

(p < 0.001) and 37% (p < 0.001), respectively, in the high-dose group. Microscopic evaluation 

of testicular tissue showed adverse effects in the mid- and high-dose groups including 

disintegration of peritubular membranes, detachment of seminiferous cellular components from 

basement membranes, and accumulation of cellular debris in the mid-dose group, and cellular 

degeneration and complete disruption of the epithelium with fibrous tissue in the high-dose 

group; reduction in seminiferous tubular diameter, decreased number of Leydig cells, and Leydig 

cell degeneration were observed in the mid- and high-dose groups. No change in the number of 

spermatogonia were observed, although the number of pachytene spermatocytes and stage 7 

spermatids were decreased in the mid- and high-dose groups and resting spermatocytes were 

decreased in the high-dose group. No treatment-related histopathological effects were observed 

in the testes of rats in the low-dose group, although histochemical evaluations of testes showed 

dose-related loss of 3~_L15 -HSH activity in all treatment groups. 

Results of histological and biochemical analyses show that oral exposure of male rats to 

hexavalent chromium for 90 days produced adverse effects on male reproductive tissues, 

including decreased spermatogenic and steroidogenic activities. Based on decreased serum 

testosterone levels and loss of 3~_L15 -HSH activity in testes observed in all treatment groups, 

EPA identified a LOAEL of 20 mg hexavalent chromium/kg-day from this gavage study of male 

Charles Foster rats,. 

Bataineh et ai., 1997 

Effects of oral hexavalent chromium administration on mating behavior, aggression, and 

fertility were assessed in male rats by Bataineh et al. (1997). Adult (age not specified) male 

Sprague-Dawley rats (n = 12 or 13) were administered drinking water containing 0 or 1,000 mg 

potassium dichromate/L (equivalent to 353 mg hexavalent chromiumIL) for 12 weeks. No data 

on drinking water consumption were included in the study report. Based on findings of other 

studies (NTP, 2008, 2007) showing decreased drinking water consumption and body weight at 

drinking water concentrations 2:30 mg hexavalent chromiumIL, it is likely that drinking water 

consumption was decreased in the chromium treatment group; thus, daily doses of hexavalent 

chromium cannot be accurately estimated from this study. Following the treatment period, 

assessments were conducted for sexual behavior in the presence of females in estrous (number of 

mounts without penile intromission, time to first mount, time from presentation of female to first 

intromission, number of penile intromissions, time from first intromission to ejaculation, and 

time from ejaculation to next intromission), aggressive behavior in the presence of a second 

untreated male (number of lacerations given, boxing bouts, fights, and ventral presenting), 
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fertility following a 10-day mating period with untreated females (numbers of pregnant females, 

viable fetuses, and resorptions), body weight, and weights of reproductive organs (paired testes, 

seminal vesicles, and preputial glands). Histopathological evaluations of tissues were not 

conducted. 

All rats "appeared healthy" throughout the treatment period. Assessment of mating 

behavior in hexavalent chromium-treated rats showed significant decreases in number of mounts 

(35% decrease;p < 0.001) and percentage of males ejaculating (79% decreases;p < 0.005), and 

increases in the time from first intromission to ejaculation (59% increase; p < 0.001) and time 

from ejaculation to next intromission (37% increases,p < 0.001), compared with controls. All 

measures of aggressive behavior were decreased in rats treated with potassium dichromate. All 

measures of fertility were comparable between control and treatment groups. Treatment resulted 

in significant (p < 0.001) decreases in body weight (19% decrease) and absolute weights of testes 

(24% decrease), seminal vesicles (15% decrease), and preputial gland (23% decrease); however, 

for relative weights of reproductive tissues, only relative testes weight was significantly 

decreased (6% decrease, p < 0.05) compared to controls. 

EPA identified a LOAEL of353 mg hexavalent chromium/L as potassium dichromate in 

drinking water based on adverse effects on mating and aggressive behaviors; a NOAEL was not 

identified because effects were observed at the only dose tested. Because drinking water 

consumption and body weight data over the course of the study were not provided by the 

investigators, a LOAEL, expressed in mg hexavalent chromium/kg-day, could not be derived 

from this study. 

Li et ai., 2001 

Oral exposure of male rats to chromium(VI) oxide for 6 days resulted in adverse 

reproductive effects, including reduced epididymal sperm counts and increased abnormal sperm 

(Li et aI., 2001). Groups of 8-11 male Wistar rats (60 days old) were administered 

chromium(VI) oxide by gavage at doses of 0, 10, or 20 mg chromium(VI) oxide/kg-day 

(equivalent to 0,5.2, or lOA mg hexavalent chromium/kg-day, respectively) for 6 days. After 

6 weeks, rats were sacrificed; testes and epididymis were removed and analyzed for epididymal 

sperm count and abnormal sperm; and testes were prepared (fixed in formaldehyde, embedded in 

paraffin, sliced, and stained with H&E) for histological evaluations of morphological 

abnormalities and diameter of seminiferous tubules. Epididymal sperm counts were significantly 

(p < 0.05) decreased by 76 and 80%, and the percentage of abnormal sperm was significantly 

(p < 0.01) increased by 143 and 176% in the 5.2 and lOA mg hexavalent chromium/kg-day 

groups, respectively. Treatment-related histopathological findings included decreased diameter 

of seminiferous tubules and disruption of germ cell arrangement within seminiferous tubules in 

both treatment groups. Based on decreased sperm counts and histopathological changes to the 

testes, 5.2 mg hexavalent chromium/kg-day was identified by EPA as a LOAEL for male rats 
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exposed to gavage doses of chromium(VI) oxide for 6 days; a NOAEL was not identified 

because effects were seen at the lowest dose administered. 

Zahid et ai., 1990 

Zahid et ai. (1990) reported adverse effects on the male reproductive system in mice fed 

diets containing potassium dichromate. However, other research groups (NTP 1997, 1996a, b; 

Finley et aI., 1993) have questioned the validity of the Zahid et ai. (1990) study due to concerns 

regarding study methods and reporting inconsistencies (as discussed below). Zahid et ai. (1990) 

fed male weanling BALB/c albino Swiss mice diets containing 0, 100,200, or 400 mg potassium 

dichromate/kg diet (equivalent to 0,35.3, 70.6, or 141.2 mg hexavalent chromium/kg diet, 

respectively) for 35 days. Although Zahid et ai. (1990) stated that the control and exposed 

groups included seven animals/group, conflicting summaries of the actual group sizes are 

presented throughout the report. Body weights were recorded weekly and food consumption was 

recorded every 48 hours. The study report stated that body weight gain and food consumption in 

treatment groups were comparable to the control group (data not reported); however, Zahid et ai. 

(1990) did not calculate daily doses of hexavalent chromium. Since treatment did not affect 

body weight gain or food consumption, doses of 0, 6.4, 12.7, or 25.5 mg hexavalent 

chromium/kg-day for the 0,35.3, 70.6, or 141.2 mg hexavalent chromium/kg diet groups, 

respectively, were estimated for this review using reference values for body weight (0.0316 kg) 

and daily food intake (0.0057 kg food/day) for subchronic exposure of male B6C3F1 mice (U.S. 

EPA, 1988). After 35 days, testes and epididymis were weighed and then minced in buffered 

formalin. Sperm counts were then subsequently determined and sperm were examined for 

morphological abnormalities. Testes were fixed with Bouin's fluid for 1 week, embedded in 

paraffin, and subsequently sectioned to 0.6 micron thickness and stained with H&E for 

histological examination. Ten sections were chosen randomly from the anterior, middle, and 

posterior parts of each testis and studied. One seminiferous tubule was chosen and examined to 

determine the cellular stages of spermatogenesis and the number of degenerated tubules. 

Statistical analyses of the data were conducted using either a t-test or a 2 x 2 contingency X2 test. 

Adverse effects observed in the male mouse testes included ambiguous levels of degeneration in 

the outermost cellular layers of the seminiferous tubules, reduced (or absent) spermatogonia per 

tubule, accumulation of germ cells in the resting spermatocytes stage, reduced sperm count in the 

epididymis, and increased percentage of morphologically abnormal sperm. Effects were 

observed in all hexavalent chromium groups and the severity of effects appeared to increase with 

dose for percentage of degenerated tubules, percentage of tubules that were not degenerated but 

were without spermatogonia, percentage of abnormal sperm, and number of spermatogonia. 

Based on these findings, the lowest dietary concentration tested (100 mg potassium 

dichromate/kg diet or approximately 6.4 mg hexavalent chromium/kg-day) was identified as the 

LOAEL by EPA. 
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Other research groups (NTP, 1997, 1996a, b; Finley et aI., 1993) have questioned the 

validity of the Zahid et ai. (1990) study due to concerns regarding study design and methods. 

Finley et ai. (1993) noted the following three concerns: (1) use of immersion fixatives (such as 

Bouin's fluid and paraffin embedding), which can introduce artifacts, such as grains and 

shrinkage, that can mimic tubular or spermatogenic pathology, (2) use of staining methods that 

were unable to detect the acrosome (i.e., the part of the sperm that releases enzymes to penetrate 

the egg) of developing spermatids, and (3) uncertainties regarding the actual groupings of 

animals used, the small number of animals assessed per group, and inappropriate statistical 

analysis of the data. NTP (1997, 1996a, b) concluded that the methods utilized by Zahid et ai. 

(1990) were insufficient to identify spermatogonia, were likely to have generated 

nonreproducible counts of epididymal sperm, and resulted in the biologically implausible 

conclusion of reduction in spermatogonia numbers concurrent with unchanged spermatocyte and 

spermatid numbers. 

Murthy et aI., 1996 

Effects on ovarian function were investigated in adult Swiss albino mice (90 days old; 

mean initial body weight of 30 g) exposed to drinking water containing potassium dichromate for 

20 or 90 days (Murthy et aI., 1996). For the 20-day study, groups of 30 female mice were 

exposed to drinking water containing 0,250, 500, or 750 mg hexavalent chromiumlL; the 20-day 

exposure period was selected as it coincides with one folliculogenesis cycle. For the 90-day 

study, groups of 10 female mice were administered drinking water containing 0,0.05,0.5, or 

5 mg hexavalent chromiumlL. The study report states that mice in both studies were evaluated 

daily for clinical signs of toxicity, body weight, and water and food consumption; however, no 

data for these outcomes were reported. Based on findings of other studies (NTP, 2008, 2007) 

showing decreased drinking water consumption and body weight at drinking water 

concentrations 2':30 mg hexavalent chromium/L, it is likely that drinking water consumption and 

body weight were decreased in all treatment groups in the 20-day study; thus, daily doses of 

hexavalent chromium cannot be accurately estimated from this study. For the 90-day study, the 

concentrations of hexavalent chromium in drinking water were very low and not likely to affect 

drinking water consumption or body weight. Thus, using reference values for body weight 

(0.035 kg) and daily drinking water (0.0084 L/day) intake for mature female B6C3Fl mice (U.S. 

EPA, 1988), doses of 0, 0.01, 0.12, or 1.2 mg hexavalent chromium/kg-day were estimated by 

EPA for female mice exposed to drinking water containing 0,0.05,0.5, or 5 mg hexavalent 

chromiumlL, respectively. In the 20-day study, three types of assessments were conducted at the 

end of the treatment period (each in 10 mice/group): (1) ovaries were evaluated by light 

microscopy and the number of follicles at each development stage, based on size (small, 

medium, large) and structural maturity, were determined, (2) superovulation was induced (by 

administration of gonadotropin) and the number of released ova were counted, and (3) estrous 
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cycle length was assessed (by vaginal smears) for 12 consecutive estrous cycles following 

treatment. In the 90-day study, all mice were sacrificed at the end of the treatment period and 

ovaries were evaluated by electron microscopy for ultrastructural changes. 

In mice exposed for 20 days, significant (p < 0.05) changes in follicular development 

were observed in all treatment groups, with dose-related decreases in the number of small 

follicles in the mid- and high-dose groups and medium and large follicles in all treatment groups. 

In the high-dose group, the numbers of small, medium, and large follicles were reduced by 36, 

53, and 72%, respectively, compared with controls. Ovarian response to gonadotropin was 

affected in the mid- and high-dose groups, with reductions in the number of ova released of 

30 and 90%, respectively, compared with controls. Estrous cycle length was significantly 

increased (p < 0.05) by 1.7-fold in the high-dose group, compared with controls. 

Histopathological evaluation of ovaries after 20 days of treatment showed changes in the mid

dose (i.e., proliferated, dilated, and congested blood vessels, pyknotic nuclei in follicular cell of 

mature follicles) and high-dose (i.e., undeveloped follicles with degenerative cumulus cells 

containing dense pyknotic nuclei, neovascularization and karyorrhexis of follicular cells, 

erythrocytes located within stromal spaces) groups; histopathological changes were not observed 

in ovaries from control and low-dose mice. In mice treated for 90 days, ultrastructural changes 

(i.e., disintegrated cell membranes in two-layered follicular cells and alterations in mitochondria 

in thecal cells, which are cells of the corpus luteum that secrete estrone, estradiol, and 

progesterone) were observed in the high-dose group; the study report did not provide any 

information on ultrastructural evaluations in the low- and mid-dose groups. Murthy et al. (1996) 

concluded that hexavalent chromium may induce changes in ovarian function and ovulation. 

Due to inadequate reporting of the 20-day study (i.e., no information on effects of treatment on 

body weight or drinking water consumption) and the 90-day study (i.e., lack of information on 

ultrastructural evaluations in the low- and mid-dose groups), a LOAEL from these studies could 

not be identified by EPA. 

Youse! et aI., 2006 

Adverse effects on male reproductive tissues were observed in rabbits exposed to 

potassium dichromate for 10 weeks (Yousef et al., 2006). Groups of six male New Zealand 

white rabbits (7 months old) were administered 0 or 5 mg potassium dichromate/kg-day by 

gavage (vehicle not specified) for 10 weeks. Y ousef et al. (2006) reported that the dose of 5 mg 

potassium dichromate/kg-day was equivalent to 3.6 mg hexavalent chromium/kg-day. During 

the treatment period, food intake and body weights were recorded weekly. Semen was collected 

weekly and analyzed for pH and sperm count, motility, and morphology. Blood was collected 

every 2 weeks and analyzed for testosterone. At the end of the treatment period, animals were 

sacrificed and relative testes and epididymis weights were determined. At sacrifice, seminal 
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plasma was collected and analyzed for AST, ALT, AP, AcP, and glutathione S-transferase (GST) 

activities. Histopathological evaluations of tissues were not conducted. 

No clinical signs of toxicity were observed throughout the study. Mean body weight over 

the 10-week treatment period was significantly (p < 0.05) decreased by 9% compared to controls, 

although average food intake over the 10-week period was not affected by treatment; final body 

weight was not reported. After treatment for 10 weeks, relative testes and epididymis weights 

were significantly decreased by 22% (p < 0.05). The 10-week mean plasma testosterone level in 

treated rabbits was decreased by 21% (p < 0.05) compared with controls. In treated rabbits 

compared with controls, mean values of the following sperm-related characteristics were 

significantly (p < 0.05) decreased after 10 weeks: (1) packed sperm volume (10% decrease), 

(2) sperm concentration (18% decrease), (3) total sperm output (26% decrease), (4) sperm 

motility (5% decrease), (5) total motile sperm per ejaculation (34% decrease), (6) total functional 

sperm fraction (37% decrease), and (7) normal sperm (4% decrease). Both percentage of dead 

sperm (24% increase) and seminal fluid pH ( 4% increase) were increased; no effect was 

observed on semen ejaculate volume. Seminal fluid activities of GST, AST, and AcP were 

significantly (p < 0.05) decreased at the end of the treatment period, although decreases were 

small (:S12%) compared with controls. 

The results indicate that exposure of rabbits to oral potassium dichromate gavage doses 

of3.6 mg hexavalent chromium/kg-day for 10 weeks produced adverse effects on male 

reproductive tissues, including decreased testes and epididymis weight and decreased sperm 

output. Thus, EPA identified a LOAEL for hexavalent chromium of3.6 mg/kg-day from this 

study. 

NTP, 1996a,b 

The NTP conducted studies to investigate the potential effects of dietary hexavalent 

chromium as potassium dichromate on male reproductive organs in Sprague-Dawley rats (NTP, 

1996b) and BALB/c mice (NTP, 1996a). The NTP studies were designed to expand or replicate 

the Zahid et al. (1990) study (described above), and thereby provide data to either refute or 

confirm findings of adverse male reproductive effects from hexavalent chromium exposure. 

Groups of 24 male and 48 female Sprague-Dawley rats were exposed to diets containing 

0, 15, 50, 100, or 400 mg potassium dichromate/kg diet (equivalent to 0, 5.3, 17.6,35.3, or 

141.2 mg hexavalent chromium/kg diet, respectively) daily for 9 weeks followed by an 8-week 

recovery period (NTP, 1996b). Based on food consumption measured during the 9-week 

treatment period, NTP (1996a, b) calculated average daily doses ofO, 1,3,6, or 24 mg potassium 

dichromate/kg-day (equivalent to 0,0.35, 1.1,2.1, or 8.5 mg hexavalent chromium/kg-day) in 

males and 0, 1,3, 7, or 28 mg hexavalent chromium/kg-day (equivalent to 0,0.35, 1.1,2.5, or 

9.9 mg hexavalent chromium/kg-day) in females for the 0, 15, 50, 100, or 400 mg potassium 

dichromate/kg diet groups, respectively. Animals were examined twice daily for mortality and 
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clinical signs of toxicity. Physical examinations and measurement of body weight and food and 

water consumption were conducted weekly. After 3,6, or 9 weeks of treatment or after the full 

recovery period, 6 males and 12 females were sacrificed; necropsies were performed; blood was 

obtained for hematology (i.e., Rgb, Rct, MCV, MCR, MCRC, mean platelet volume, and 

erythrocyte, leukocyte, and platelet counts); organ weights (not specified, but including right and 

left testes) were recorded; microscopic examinations were conducted on liver, kidney, ovary, and 

testes (testes and epididymis were examined for Sertoli nuclei and preleptotene spermatocyte 

counts in Stage X or XI tubules); and sperm were collected and analyzed for chromatin structure. 

No mortalities or treatment-related clinical signs of toxicity were observed in rats in any 

treatment group (NTP, 1996b). Body weights and food and drinking water consumption were 

comparable between controls and treatment groups. Results of hematological analyses showed a 

slight erythrocyte microcytosis in the highest dose group, as indicated by small, but significant, 

decreases in MCV in females exposed for 3 weeks (3% decrease; p < 0.05) and in males exposed 

for 9 weeks (6% decrease;p < 0.05), compared with controls; at 9 weeks, MCV in females was 

decreased by 3%, but the change was not statistically significant. No changes in MCV were 

observed in rats exposed for 6 weeks or at the end of the 8-week recovery period. After 9 weeks 

of treatment, MCR was decreased by approximately 6% in males and females (statistical 

significance not reported). No treatment-related findings were observed on necropsy or on 

microscopic examination of the liver, kidney, ovary, testes, epididymis, or sperm. In conclusion, 

no adverse effects on reproductive organs were observed in male or female rats exposed to 

dietary potassium dichromate at doses of 8.5 and 9.9 mg hexavalent chromium/kg-day, 

respectively, for up to 9 weeks. Based on slight erythrocyte microcytosis, the study authors 

identified respective NOAELs and LOAELs of 2.1 and 8.5 mg hexavalent chromium/kg-day in 

male Sprague-Dawley rats, and 2.5 and 9.9 mg hexavalent chromium/kg-day in females. 

Groups of24 male and 48 female BALB/c mice were exposed to diets containing 0,15, 

50, 100, or 400 mg potassium dichromate/kg diet (equivalent to 0, 5.3, 17.6,35.3, or 141.2 mg 

hexavalent chromium/kg diet, respectively) daily for 9 weeks followed by an 8-week recovery 

period (NTP, 1996a). Based on food consumption measured during the 9-week treatment period, 

the study authors calculated average daily doses ofO, 3,10,21, or 92 mg potassium 

dichromate/kg-day (equivalent to 0, 1.1,3.5, 7.4, or 32.5 mg hexavalent chromium/kg-day) in 

males and 0, 5, 16,34, or 137 mg hexavalent chromium/kg-day (equivalent to 0, 1.8, 5.6, 12.0, or 

48.4 mg hexavalent chromium/kg-day) in females for the 0, 15, 50, 100, or 400 mg potassium 

dichromate/kg diet groups, respectively. This study followed the same protocol and conducted 

the same evaluations as described in the NTP (1996b) study in rats (described above). 

Mortalities occurred in five male mice, but they were deemed not related to treatment, 

and no treatment-related findings were observed on necropsy. The number of deaths were one, 

one, two, one, and none in the control through high-dose male groups, respectively. All females 

survived to study completion. No treatment-related clinical signs of toxicity were observed. At 
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most weekly evaluations, body weight was decreased by 5-9% in males in the highest dose 

group and by 2-4% in females in the two highest dose groups (statistical significance not 

reported); body weights in these groups remained depressed during the post-treatment recovery 

period in high-dose males and in females at 12 mg hexavalent chromium/kg-day (but not high

dose females). Feed consumption was generally increased (5-34%, relative to controls) in all 

treatment groups in males, although changes were not statistically significant; in females, feed 

consumption was increased in all dose groups (1-37%), with changes of statistical significance 

in most dose groups during treatment weeks 5 and 6. Water consumption in males and females 

was decreased through the first 3 weeks of treatment and comparable to controls for the 

remainder of the exposure period. Hematological analyses showed a slight erythrocyte 

microcytosis. In high-dose male and female mice, MCV was decreased by 2-4% (p < 0.05) at 

weeks 3,6, and 9; MCV was also slightly decreased «2%) at 12 mg hexavalent chromium/kg

day in females at 6 weeks. Changes in MCV were generally accompanied by small decreases in 

MCR. At the end of the recovery period, a small increase in MCV (2.8%; P < 0.05) was 

observed in males; in females, MCV in all treatment groups was comparable to controls. No 

other effects on hematological parameters were observed. Microscopic evaluations revealed a 

treatment-related increase in the incidence of cytoplasmic vacuolization of hepatocytes in male 

and female mice at the end of the 9-week treatment period. Vacuoles were demarked and 

appeared small and clear; NTP (1996a) noted that vacuoles were consistent with lipid 

accumulation. Incidences of hepatic cytoplasmic vacuolization in the control through high-dose 

groups were 0/6, 0/6, 1/6, 2/6, and 2/5 in males and 1112, 0112, 3112, 2112, and 4112 in females, 

respectively; lesion severity and statistical significance were not reported. No other treatment

related histopathological findings were observed. 

In conclusion, no adverse effects on reproductive organs were observed in male or female 

mice exposed to dietary potassium dichromate at doses up to 32.5 and 48.4 mg hexavalent 

chromium/kg-day, respectively, for 9 weeks. Based on histopathological changes to the liver 

(cytoplasmic vacuolization), the study authors identified a NOAEL of 1.1 mg hexavalent 

chromium/kg-day for males and 1.8 mg hexavalent chromium/kg-day for females. 

4.3.2. Effects on Reproductive Outcomes 

Elbetieha and AI-Hamood, 1997 

Reproductive effects of drinking water containing 1,000-5,000 mg potassium 

dichromatelL (equivalent to 353-1,765 mg hexavalent chromium/L) were evaluated in Swiss 

mice in a series of three experiments (Elbetieha and AI-Hamood, 1997). No data on drinking 

water consumption were included in the study report. Based on findings of other studies (NTP, 

2008, 2007) showing decreased drinking water consumption and body weight at drinking water 

concentrations 2':30 mg hexavalent chromium/L, it is likely that drinking water consumption was 

decreased in all chromium treatment groups; thus, daily doses of hexavalent chromium cannot be 
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accurately estimated for this study. In the first experiment, sexually mature (i.e., 50 days old) 

male Swiss mice were exposed to drinking water containing 0 (20 males), 1,000 (19 males), 

2,000 (11 males), 4,000 (9 males), or 5,000 (13 males) mg potassium dichromatelL (equivalent 

to 0,353,706, 1,412, or 1,765 mg hexavalent chromiumlL, respectively) for 12 weeks. After 

12 weeks, males were mated with untreated sexually mature females for 10 days; 1 week after 

completion of the mating period, females were sacrificed and evaluated for the number of 

pregnant females, viable fetuses, resorptions, and dead fetuses. Histopathological evaluations of 

tissues were not conducted. No data on body weights were reported. Exposure of male mice to 

hexavalent chromium did not affect the percentage of pregnant females. The numbers of 

implantations and viable fetuses were significantly reduced from 33% in controls to 20% 

(p < 0.01) and 16% (p < 0.05) in the 706 and 1,412 mg hexavalent chromium/L groups, 

respectively; in the 1,765 mg hexavalent chromium/L group, the numbers of implantation and 

viable fetuses were reduced to 19%, although this reduction did not reach statistical significance. 

No resorptions or dead fetuses were observed in the control, 706, or 1,412 mg potassium 

dichromatelL groups, but three resorptions were observed at 353 mg hexavalent chromiumlL and 

six resorptions and six dead fetuses were observed at 1,765 mg hexavalent chromiumlL 

(statistical significance not reported). 

In the second experiment, sexually mature (i.e., 50 days old) female Swiss mice were 

exposed to drinking water containing 0 (19 females), 2,000 (15 females), or 5,000 (11 females) 

mg potassium dichromatelL (equivalent to 0, 706, or 1,765 mg hexavalent chromiumlL, 

respectively) for 12 weeks (Elbetieha and AI-Hamood, 1997). After 12 weeks, each female was 

mated with an untreated sexually mature male for 10 days; 1 week after completion of the mating 

period, females were sacrificed and evaluated for the numbers of pregnant females, viable 

fetuses, and resorptions and dead fetuses. No data on body weights were reported. No 

treatment-related effects were observed on the number of pregnant mice. The number of 

implantations was significantly reduced from 17% in controls to 14% (p < 0.01) and 9% 

(p < 0.05) in the 706 and 1,765 mg hexavalent chromiumlL groups, respectively, and the number 

of viable fetuses was significantly reduced from 17% in controls to 9% in the 706 (p < 0.05) and 

1,765 (p < 0.01) mg hexavalent chromiumlL groups, respectively. The number of mice with 

resorptions was significantly increased from 11 % in controls to 53% (p < 0.01) and 63% 

(p < 0.005) in the 706 and 1,765 mg hexavalent chromiumlL groups, respectively, and the total 

number ofresorptions was increased from 4 in controls to 36 and 14 in the 706 and 1,765 mg 

hexavalent chromiumlL groups, respectively (statistical significance not reported). 

In the third experiment, sexually mature (i.e., 50 days old) mice were exposed to drinking 

water containing 0 (10 males, 8 females), 2,000 (13 males, no females), or 5,000 (13 males, 

10 females) mg potassium dichromatelL for 12 weeks (Elbetieha and AI-Hamood, 1997). 

Following treatment, body weights and weights of reproductive organs (paired testes, seminal 

vesicles, preputial glands, paired ovaries, and uteri) were determined. No mortalities or clinical 
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signs of toxicity were observed. Final body weights of males were significantly (p < 0.01) 

reduced by approximately 10 and 12% in the 706 and 1,765 mg hexavalent chromium/L groups, 

respectively; final mean body weights of treated females were similar to controls. Relative testes 

weights were increased by approximately 18% (p < 0.01) and 22% (p < 0.05) in the 706 and 

1,765 mg hexavalent chromiumlL groups, respectively, and relative weights of seminal vesicles 

and preputial gland were significantly (p < 0.001) decreased by approximately 27 and 34%, 

respectively, in the 1,765 mg hexavalent chromiumlL group. Relative ovary weight was 

significantly increased by 54% in females in the 1,765 mg hexavalent chromiumlL group, 

although uterine weight was unaffected by treatment. Histopathological assessments of 

reproductive tissues were not conducted. 

In conclusion, results of the three experiments conducted by Elbetieha and AI-Hamood 

(1997) show that exposure to potassium dichromate in drinking water affects reproductive 

outcomes in exposed males and females. In female mice, decreased numbers of implantations 

and viable fetuses and increased resorptions were observed at 2,000 mg potassium dichromatelL 

(equivalent to 706 mg hexavalent chromiumIL). In males, exposure for 12 weeks prior to mating 

reduced the numbers of implantations and viable fetuses at 2,000 and 4,000 mg potassium 

dichromatelL (equivalent to 706 and 1,412 mg hexavalent chromiumIL, respectively), but not at 

1,000 mg potassium dichromatelL (equivalent to 353 mg hexavalent chromium/L). In addition, 

treatment-related changes in weights of male reproductive organs were observed at 2,000 and 

5,000 mg potassium dichromatelL (equivalent to 706 and 1,412 mg hexavalent chromiumIL, 

respectively). Although reproductive performance was not affected at the lowest exposure level, 

weights of male reproductive organs were not evaluated in male mice treated with 1,000 mg 

potassium dichromate/L. Due to inadequate reporting (i.e., no information on effects of 

treatment on body weight or drinking water consumption), EPA could not identify NOAEL or 

LOAEL values from this study. 

NTP, 1997 

The potential reproductive toxicity of dietary potassium dichromate was evaluated in 

BALB/c mice in a continuous breeding study (NTP, 1997). Groups of20 male and female pairs 

(Fo) were exposed to dietary potassium dichromate at 0, 100,200, and 400 mg potassium 

dichromate/kg diet (equivalent to 0, 17.6,35.3, or 141.2 mg hexavalent chromium/kg diet, 

respectively) for 13 weeks (1 week prior to and 12 weeks during cohabitation). During exposure 

of the Fo generation, animals were examined daily for mortality and clinical signs of toxicity; 

body weights and food consumption were measured periodically (4-5 times). Litters produced 

during the cohabitation period were evaluated (i.e., total pups, live and dead pups, and sex), 

weighed on postnatal day (PND) 1, and euthanized with no additional assessments; pregnancy 

index (number oflitters/breeding pair) was also determined. After the cohabitation period, 

Fo breeding pairs were separated and continued on study diets; litters born during the post-
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separation period (FI animals) were reared with the Fo dams until weaning (PND 21). Dam and 

pup weights and dam food consumption were monitored during the lactational period. Upon 

weaning, Fo animals were sacrificed and the following terminal evaluations were conducted: 

necropsy; organ weights (liver, kidneys, right cauda epididymis, right epididymis, prostate, 

seminal vesicles with coagulating glands, right testis, and ovaries); sperm evaluations (testicular 

spermatid head count and epididymal sperm density, motility, and morphology); and 

histopathology (liver and kidneys). Following weaning ofFI animals, animals were maintained 

on the same study diets as their parents. During postlactational exposure of the F I generation, 

animals were examined daily for mortality and clinical signs of toxicity; body weights and food 

consumption were measured periodically (3-4 times). At sexual maturity (approximately 

74 days), groups of 20 F I animals of each sex were selected as breeding pairs (avoiding sibling 

matings), cohabitated for 7 days, and then separated. Reproductive endpoints (numbers of live 

and dead pups, sexes of pups, and total pup weight by sex) were evaluated on PND 1 of the 

F2 offspring; there was no further evaluation of the F2 pups. Estrous cycle (time spent in estrous 

stages, cycle length, number of cycles, number of cycling females, and number of females with 

regular cycles) was evaluated using 12-day vaginal smears beginning 4 days after the last 

delivery. Terminal evaluations ofFI adults (time from separation to terminal sacrifice not 

reported) were the same as those described above for Fo adults, with the addition of hematology 

(i.e., Rgb, Rct, MCV, MCR, MCRC, mean platelet volume, erythrocyte morphology, and 

erythrocyte, leukocyte, and platelet counts). 

No treatment-related mortalities or clinical signs of toxicity were observed in 

Fo generation BALB/c mice exposed to dietary potassium dichromate (NTP, 1997). Mortalities 

occurred in eight animals (four low-dose males, one mid-dose male, and three mid-dose 

females); however, since no mortalities were observed in the high-dose group, NTP (1997) 

concluded that these deaths were not related to treatment. Terminal body weight of males in all 

treatment groups was comparable to controls; mean body weight of females in the high-dose 

groups was decreased by 7% (p < 0.05). In general, food consumption was increased in 

treatment groups. Based on measured food consumption and body weights during the 

cohabitation period, NTP (1997) calculated average daily doses in Fo males and females ofO, 

19.4,38.6, or 85.7 mg potassium dichromate/kg-day (equivalent to 0,6.8, 13.6, or 30.3 mg 

hexavalent chromium/kg-day, respectively). During lactation, sporadic decreases in body 

weights of dams in the mid- and high-dose groups were observed, but body weights at the end of 

lactation (PND 21) were similar to controls; food consumption during lactation was similar 

between control and treatment groups. Based on measured food consumption and body weights, 

NTP (1997) calculated average daily doses in lactating Fo females of 0, 32.8, 69.0 or 143.1 mg 

potassium dichromate/kg-day (equivalent to 0, 11.6,24.4, or 50.5 mg hexavalent chromium/kg

day, respectively). At the terminal evaluations ofFo animals, absolute (but not relative) liver 

weights were increased by 17% (p < 0.05) and 22% (p < 0.05) in high-dose males and females, 
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respectively, compared with controls. No other changes in organ weights were observed. No 

treatment-related histopathological findings were observed in the Fo generation. Although 

various hepatic lesions were observed, including cytoplasmic vacuolization, the study authors 

concluded that these findings were not treatment-related, since incidence data did not show a 

relationship with dose. Evaluations of male reproductive tissues did not reveal any treatment

related effects. In the Fo generation, no treatment-related effects on reproductive outcomes, 

including pregnancy index, mean cumulative time to litter, litter size, live and dead pups/litter, 

live pup weight, and sex ratio, were observed. 

Evaluations conducted on F 1 pups during lactational exposure showed no effects on pup 

survival (NTP, 1997). On PND 21, weight of high-dose male pups was decreased by 16% 

compared with controls, but the decrease was not statistically significant. From weaning to 

sexual maturity, two mortalities occurred (one control male and one high-dose male). No 

treatment-related clinical signs of toxicity were observed. At the initiation of the F 1 breeding 

phase (approximately PND 74), mean body weights of mid-dose females were decreased by 6% 

compared with controls and by 9% in high-dose F 1 males and females (statistical significance not 

reported). Food consumption was generally increased during the period from weaning to sexual 

maturity. Based on measured food consumption and body weights, NTP (1997) calculated 

average daily doses in F 1 animals of 0,22.4,45.5 or 104.9 mg potassium dichromate/kg-day 

(equivalent to 0, 7.9, 16.1, or 37.1 mg hexavalent chromium/kg-day, respectively). 

Hematological analysis at terminal sacrifice ofF 1 adults revealed slight erythrocyte microcytosis 

based on the following observations (comparisons to controls, statistical significance not 

reported): MCV decreased by 3% in mid- and high-dose males and by 2,3, and 4% in low-, 

mid-, and high-dose females, respectively; MCH decreased by 3% in high-dose males; and Hgb 

decreased by 5% in high-dose Fl females. No changes in erythrocyte morphology were 

observed. Relative kidney weight was increased by 5% in mid-dose females, but no other organ 

weight changes were observed. No treatment-related histopathological findings were observed. 

Although various hepatic lesions were observed, including cytoplasmic vacuolization, NTP 

(1997) concluded that findings were not treatment-related, since incidence data did not show a 

relationship with dose. Evaluations of male reproductive tissues and female estrous cycle did not 

reveal any treatment-related effects. In the F 1 generation, no treatment-related effects on 

reproductive outcomes, including pregnancy index, mean cumulative time to litter, gestation 

length, litter size, live and dead pups/litter, and sex ratio, were observed. Live pup weight of 

females in the high-dose group was decreased by 11 % (p < 0.05) compared to controls, but no 

decrease was observed for live pup weight of males or of combined males and females. 

In conclusion, NTP (1997) identified a LOAEL for parental toxicity in the F 1 generation 

of7.9 mg hexavalent chromium/kg-day in females exposed to potassium dichromate in the diet 

based on erythrocyte microcytosis (slight decrease in MCH); a NOAEL for parental toxicity in 

the F 1 generation was not established because effects were seen at the lowest dose tested. 
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Although NTP (1997) did not specifically identify a NOAEL for reproductive effects, in the 

absence of reproductive findings, the highest dose tested in this study is identified by EPA as a 

free-standing NOAEL for effects of dietary hexavalent chromium exposure on fertility and on 

male and female reproductive organ histology and weights (i.e., 30.3 mg hexavalent 

chromium/kg-day in F 0 mice and 37.1 mg hexavalent chromium/kg-day in F 1 mice). 

4.3.3. Effects of Pregestational Exposure on Reproductive Outcome and Fetal 

Development 

Kanojia et ai., 1996 

Kanojia et al. (1996) administered adult Swiss albino female rats (20/group) drinking 

water containing 0,250, 500, or 750 mg hexavalent chromiumlL (as potassium dichromate) for 

20 days prior to gestation. During the exposure and gestational periods, body weights and water 

intake were recorded daily. At the end of the exposure period, rats were mated overnight with 

untreated males. Following mating, the mating index (percentage of mated females) and the 

fertility index (percentage of pregnant females) were determined. On GD 19, 10 rats/group were 

sacrificed and the numbers of cop ora lutea, fetuses/litter, live and dead fetuses, and resorptions; 

pre- and postimplantation losses; and fetal and placental weights were recorded and fetuses were 

examined for internal abnormalities (one third of fetuses) and external and skeletal abnormalities 

(remaining fetuses). In the remaining 10 rats/group, estrous cycle length was evaluated for 

12 consecutive cycles. Based on drinking water consumption during the exposure period, 

Konijia et al. (1996) reported daily hexavalent chromium intakes of 6.4, 12.2, and 15.3 mg 

hexavalent chromium/rat-day. The study report did not include data on body weights over the 

course of the 20-day treatment period, although it is likely that treatment-related effects on body 

weight occurred during the exposure period, as significant decreases in gestational weight gain 

were observed in all treatment groups (decreases of approximately 8, 14, and 21 % in the low-, 

mid-, and high-dose groups, respectively, compared to controls). Thus, in the absence of data on 

the effect of treatment on body weights during the exposure period, daily doses of hexavalent 

chromium in terms of body weight (e.g., mg hexavalent chromium/kg-day) cannot be accurately 

estimated. 

No mortalities or clinical signs of toxicity in dams were observed. Dose-related 

decreases in mating and fertility indices were observed; in the high-dose group, mating and 

fertility indices were decreased by 60 and 68%, respectively, compared to controls (statistical 

significance not reported). In all treatment groups, the number of live fetuses was decreased, the 

numbers of resorptions and postimplantation loss were increased, and placental weight was 

increased. In the mid- and high-dose groups, numbers of corpora lutea and implantations were 

decreased and preimplantation losses were increased. No treatment-related effects were 

observed for fetal weight or crown-rump length. Examination of fetuses showed gross 

abnormalities in the high-dose group, including patches of subdermal hemorrhage, kinky tail, 
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short tail, and dropping wrist. Skeletal abnormalities were also observed, including reduced 

caudal ossification in mid- and high-dose groups and reduced parietal and inter-parietal 

ossification in the high-dose group. No visceral abnormalities were observed. Postpartum 

estrous cycle length was significantly increased by 37% (p < 0.05) in the high-dose group. 

Results of this study show that 20-day pregestational exposure of Swiss albino rat dams 

to hexavalent chromium adversely affected reproductive outcomes (decreased number oflive 

fetuses and increased number of resorptions and postimplantation loss) at the lowest drinking 

water concentrations of potassium dichromate tested (2':250 mg hexavalent chromiumlL or 

2':6.4 mg hexavalent chromium/rat-day) and produced adverse developmental effects (gross and 

skeletal abnormalities) at the highest drinking water concentrations tested (750 mg hexavalent 

chromiumlL or 15.3 mg hexavalent chromium/rat-day). Because of the lack of reporting of body 

weight data over the course of the study, NOAELs and/or LOAELs, expressed in mg hexavalent 

chromium/kg-day, could not be derived from this study by EPA. 

Kanojia et ai., 1998 

Kanojia et al. (1998) administered adult Druckrey female rats (20/group; mean initial 

body weight 80 g) drinking water containing 0,250, 500, or 750 mg hexavalent chromium/L (as 

potassium dichromate) for 3 months prior to gestation. This study was designed to follow the 

same protocol as that used in the Kanojia et al. (1996) study (described above). However, at the 

end of the 3-month exposure period, rats in all treatment groups were acyclic (persistent 

diestrous phase). Therefore, since mating could not take place immediately following 

completion of the exposure period, rats were held for an additional 15-20 days (treatment-free), 

during which time the estrous cycle resumed. 

During the exposure period, mortality occurred in 15 and 10% of rats in the mid- and 

high-dose groups, respectively; no deaths occurred in the control or low-dose groups. Clinical 

signs of toxicity observed during the exposure period in the mid- and high-dose groups included 

hair loss and lethargic and aggressive behavior. At the end of the exposure period, body weight 

was significantly (p < 0.05) decreased by approximately 18 and 24% in the mid- and high-dose 

groups, respectively, compared with controls. Kanojia et al. (1998) reported average hexavalent 

chromium intakes (based on water consumption) of 5.57, 10.18, and 13.56 mg hexavalent 

chromium/rat-day in the low-, mid-, and high-dose groups, respectively. Using these daily 

intake levels and the mean initial body weight of 80 g, daily doses of 70, 127, and 170 mg 

hexavalent chromium/kg-day for the low-, mid-, and high-dose groups, respectively, were 

estimated. During the post-exposure gestational period, maternal weight gain was significantly 

(p < 0.05) decreased by 17 and 22% in the mid- and high-dose groups, respectively, compared 

with controls. The mating index was decreased by 30, 40, and 60% and the fertility index was 

decreased by 32, 41, and 49% in the low-, mid-, and high-dose groups, respectively, compared 

with controls (statistical significance not reported). In all treatment groups, pre- and 
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postimplantation losses were significantly (p < 0.05) increased, with increases in the high-dose 

group reaching 3.1- and 4.2-fold, respectively. In the mid- and high-dose groups, the numbers of 

implantations, live fetuses, and resorptions were significantly (p < 0.05) increased. Assessments 

of fetuses (on a per litter basis compared with controls) showed the following (significant 

difference compared with controls;p < 0.05): decreased fetal weight (all treatment groups); 

decreased crown-rump length (mid- and high-dose groups); gross external abnormalities, 

including subdermal hemorrhagic patches and drooping wrists in all treatment groups and kinky 

and short tail in mid- and high-dose groups; and skeletal abnormalities, including decreased 

caudal ossification in all treatment groups and reduced parietal and interparietal ossification in 

mid- and high-dose groups. No internal abnormalities in fetuses were observed. Postpartum 

estrous cycle length was significantly (p < 0.05) increased in all treatment groups, with increases 

reaching approximately 1.7-fold in the high-dose group. 

Results of this study show that 3-month pregestational exposure of Druckrey rat dams to 

hexavalent chromium as potassium dichromate adversely affected reproductive outcomes 

(increased pre- and postimplantation losses) and produced adverse developmental effects 

(decreased fetal weight and external and skeletal abnormalities) at all drinking water 

concentrations tested (2':250 mg hexavalent chromium/L or approximately 2':70 mg hexavalent 

chromium/kg-day). Thus, a LOAEL of 70 mg hexavalent chromium/kg-day was identified from 

this study by EPA. 

Junaid et aI., 1996a 

Junaid et al. (1996a) administered Swiss albino female mice drinking water containing 0, 

250, 500, or 750 mg hexavalent chromiumlL (as potassium dichromate) from days 6 to 14 of 

gestation. The study followed the same protocol and conducted the same evaluations as those 

reported in the study by Kanojia et al. (1996) (described above), except that estrous cycle length 

was not evaluated. Evaluations on reproductive outcomes and developmental effects were 

conducted in 10 mice/group. 

No clinical signs of toxicity were observed in mice during the exposure period. In the 

high-dose group, mortality occurred in 20% of animals; the cause of death was not established. 

Based on drinking water consumption monitored during the exposure period, the study authors 

reported daily hexavalent chromium intake levels of 1.9,3.56, and 5.23 mg hexavalent 

chromium/mouse-day in the low-, mid-, and high-dose groups, respectively. No treatment

related effects were observed on body weight (data not reported); thus, using the reported mean 

initial body weight of 30 g, daily doses of 63, 119, and 174 mg hexavalent chromium/kg-day for 

the low-, mid-, and high-dose groups, respectively, were estimated. During the gestational 

period, maternal weight gain in the low- and mid-dose groups was comparable to controls; no 

weight gain was observed during gestation in high-dose group dams. In the low-dose group, 

postimplantation loss was significantly (p < 0.05) increased compared with controls (control: 

141 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118169 



0%; low-dose group: 17.5%); no effects were observed for the numbers of corpora lute a, 

implantations, live fetuses, or resorptions or for preimplantation loss. In the mid-dose group, the 

numbers of implantation and live fetuses were significantly (p < 0.05) decreased and the 

numbers of resorptions and pre- and postimplantation losses were significantly (p < 0.05) 

increased; no effect on the number of corpora lutea was observed. In the high-dose group, no 

litters were produced and implantation sites were completely absent; corpora lutea were present, 

but numbers were decreased by 44% compared to controls. Assessments of fetuses (on a per 

litter basis compared with controls) showed the following (significant difference compared to 

controls; p < 0.05): decreased fetal weight and length in the low- and mid-dose groups; gross 

(external) abnormalities, including subdermal hemorrhagic patches and short and kinky tail in 

the mid-dose group; and skeletal abnormalities, including reduced caudal ossification in the low

and mid-dose groups and reduced parietal and interparietal ossification in the mid-dose group. 

No internal abnormalities in fetuses were observed. 

Thus, at all drinking water concentrations of potassium dichromate tested (2':250 mg 

hexavalent chromiumlL or approximately 2':63 mg hexavalent chromium/kg-day), pregestational 

exposure of Swiss albino female mice for 20 days produced adverse effects on reproductive 

outcome (decreased fertility) and fetal development (decreased fetal body weight and delays in 

skeletal development). Thus, EPA identified a LOAEL of 63 mg hexavalent chromium/kg-day 

from this study. 

4.3.4. Effects of Gestational and/or Lactational Exposure on Reproductive Outcome and 

Fetal Development 

Elsaieed and Nada, 2002 

Effects of gestational exposure to hexavalent chromium were investigated in Wistar rats 

(Elsaieed and Nada, 2002). Groups of 10 pregnant rats (mean initial body weight of 170 g) were 

administered drinking water containing 0 or 50 mg hexavalent chromium/L as potassium 

dichromate on GDs 6 through 15. During the exposure period, dams were evaluated for clinical 

signs of toxicity, body weights, and food and drinking water consumption. One day before 

delivery, rats were sacrificed and the following were evaluated: numbers of corpora lutea, pre

and postimplantation losses, resorptions, and live and dead fetuses; fetal weight; and visceral and 

skeletal anomalies. 

No mortalities or clinical signs of toxicity were observed. Elsaieed and Nada (2002) 

stated that food and drinking water consumption was comparable between control and treatment 

groups, although data were not reported. Gestational weight gain was significantly (p < 0.05) 

decreased by 40% in treated dams, compared with controls. Based on an average gestational 

body weight of 177 g (average calculated using body weights at mating and at the end of 

gestation) and the allometric equation for drinking water consumption for laboratory mammals 

(0.10 x body weighto.7377
; U.S. EPA, 1988), a daily dose of7.9 mg hexavalent chromium/kg-day 

142 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118170 



was estimated by EPA. In this study, treatment of rats with hexavalent chromium resulted in 

significant (p < 0.05) increases in preimplantation loss/litter (2.1 vs. 0 in control), 

postimplantation loss/litter (1.5 vs. 0), resorptions/litter (1.2 vs. 0), and dead fetuses/litter (1.2 vs. 

0) and decreases in live fetuses/litter (1.5 vs. 6.8 in control) and fetal weight (33% decrease). In 

the exposed group, increased litters with fetal abnormalities or malformations were observed 

including visceral (renal pelvis dilation: 2.1I1itter) and skeletal (incomplete skull ossification: 

1.0/litter) changes; no control fetuses showed these changes. 

The results showed that exposure of pregnant Sprague-Dawley rats to drinking water 

containing 50 mg hexavalent chromium/L as potassium dichromate (approximately 7.9 mg 

hexavalent chromium/kg-day) on GDs 6-15 produced adverse effects on reproductive outcome 

and fetal development. Thus, EPA identified a LOAEL of7.9 mg hexavalent chromium/kg-day 

from this study. 

Bataineh et ai., 2007 

Reproductive outcomes were evaluated in adult female rats (age not specified) orally 

exposed to potassium dichromate for 3 days following mating (Bataineh et aI., 2007). Groups of 

10 successfully mated female Sprague-Dawley rats were administered daily doses of 0 or 25 mg 

potassium dichromate/rat (equivalent to 8.8 mg hexavalent chromium/rat-day or approximately 

35 mg hexavalent chromium/kg-day, based on the average reported body weight of 245 g at 

mating) in saline daily by gavage on GDs 1-3 or 4-6. On GD 20, rats were sacrificed and the 

numbers of implantation sites, live fetuses, and resorptions along the uterine horns were 

recorded; fetuses were not assessed for external, skeletal, or visceral abnormalities. 

In rats treated with potassium dichromate on GDs 1-3, no pregnancies, implantations, 

resorptions, or viable fetuses were observed, compared with 10110 pregnancies, 8.2 implantations/ 

female, 8.2 live fetuses/female, and 0/82 resorptions in controls. In rats treated on GDs 4-6, the 

numbers of pregnant rats and implantations/female were comparable to values in the control 

group. However, the number of viable fetuses was decreased by 69% (p < 0.001) and the 

percentage ofresorptions per implantations was increased by 222% (p < 0.001). The study report 

did not indicate if clinical signs of toxicity were observed in chromium-treated dams, and no 

additional measures to assess systemic toxicity were reported. 

The results indicate that short-term gavage exposure of Sprague-Dawley rat dams to 

potassium dichromate at a dose of35 mg hexavalent chromium/kg-day on GDs 1-3 completely 

impaired implantation; exposure on GDs 4-6 markedly increased resorptions and decreased the 

number of viable fetuses, compared with controls. Thus, a LOAEL of35 mg hexavalent 

chromium/kg-day was identified from this study by EPA. 
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Trivedi et ai., 1989 

Effects on reproductive outcome and fetal development were observed in ITRC-bred 

albino mice administered hexavalent chromium in drinking water (Trivedi et aI., 1989). Groups 

of 10-13 pregnant mice (average initial body weight of30 g) were administered drinking water 

containing 0,250, 500, or 1,000 mg hexavalent chromium/L (as potassium dichromate) during 

the entire gestational period. Dams were observed daily for mortality, clinical signs of toxicity, 

body weight, and water consumption. On GD 19, dams were sacrificed and the following were 

recorded: numbers of corpora lutea, total implantations, live and dead fetuses, and pre

implantation and postimplantations losses; placental weight; fetal weight and crown-rump 

length; number of stunted fetuses; and sex ratio per litter. In addition, fetuses were examined for 

external (all fetuses), internal (approximately one-third of fetuses), and skeletal (remaining 

fetuses) anomalies. 

No mortalities or clinical signs of toxicity were observed in the dams. In the low-dose 

group, body weight gain was comparable to controls; however, body weight gain was 

significantly decreased by 21% (p < 0.05) in the mid-dose group, and dams in the high-dose 

group lost weight during treatment. Daily hexavalent chromium intakes were reported as 1.76, 

3.6, and 7.03 mg hexavalent chromium/mouse-day in the low-, mid-, and high-dose groups, 

respectively, based on measured drinking water consumption. Using average body weights for 

the gestational period (36.8, 36.6, and 29.4 g in the low-, mid-, and high-dose groups, 

respectively; calculated for this review using: [average initial body weight + body weight at the 

end of gestation]l2) and reported daily chromium intakes, daily doses of 48, 98, and 239 mg 

hexavalent chromium/kg-day were estimated. In low-dose mice, the percentages of resorptions 

and postimplantation loss were significantly increased (p < 0.001) to 33 and 36%, respectively, 

compared with 10 and 1.7%, respectively, in controls; the number oflitters, litter size, number of 

copora lutea, and placental weight in the low-dose group were comparable to controls. In the 

mid-dose group, the percentages of resorptions and postimplantation losses were significantly (p 

< 0.001) increased to 52 and 88%, respectively. In addition, in the mid-dose group, litter size 

was significantly decreased by 44% (p < 0.01) compared with controls, and the percentage of 

preimplantation loss was increased to 26.2% (p < 0.001), compared with 3.6% in controls. No 

treatment-related effects on placental weight were observed in the low- or mid-dose groups. In 

the high-dose group, no litters were produced and implantation sites were completely absent. In 

the low- and mid-dose groups, mean fetal crown-rump lengths were decreased (p < 0.001) by 17 

and 27%, respectively, and mean fetal weights were decreased (p < 0.001) by 31 and 44%, 

respectively. Sex ratio was unaffected by treatment. Examination of fetuses for external 

anomalies showed no effects in the low-dose group; in the mid-dose group, tail kinking and 

subdermal hemorrhagic patches and streaks were observed. An increase in the incidence of 

minor skeletal anomalies was observed in fetuses in the low-dose (reduced ossification of the 

cranium) and mid-dose (reduced ossification of the cranium, forelimb, hindlimb, sternebrae, and 
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thoracic and caudal vertebrae and reduced number of ribs) groups. No internal anomalies were 

observed. 

From this study, EPA identified a LOAEL and NOAEL for maternal toxicity, and a 

LOAEL for developmental effects. The LOAEL and NOAEL values for maternal toxicity, based 

on decreased body weight gain in ITRC-bred albino mice exposed to potassium dichromate in 

drinking water throughout gestation, were 98 and 48 mg hexavalent chromium/kg-day, 

respectively. Based on increased resorptions and postimplantation loss, and decreased fetal 

length and weight, the lowest concentration tested (250 mg hexavalent chromiumlL or 48 mg 

hexavalent chromium/kg-day) was identified as a LOAEL for developmental effects. 

Junaid et aI., 1996b 

Junaid et al. (1996) evaluated the effects of oral exposure of pregnant mice to hexavalent 

chromium on reproductive outcome and fetal development. Groups of 10 successfully mated 

Swiss albino female mice (average initial body weight of 30 g) were administered drinking water 

containing 0,250, 500, or 750 mg hexavalent chromiumlL (as potassium dichromate) on GDs 6 

though 14. Throughout the exposure period, dams were evaluated daily for clinical signs of 

toxicity, body weight, and drinking water consumption. On GD 19, dams were sacrificed and 

evaluations of dams and fetuses were conducted as described by Trivedi et al. (1989) 

(summarized above). 

No mortalities or clinical signs of toxicity were observed in the dams. Gestational weight 

gain was significantly (p < 0.05) decreased in the mid- and high-dose groups by 8 and 32%, 

respectively, but was comparable to controls in the low-dose group. Daily hexavalent chromium 

intakes were reported as 2.00,3.75, or 5.47 mg chromium/mouse-day in the low-, mid-, and 

high-dose groups, respectively, based on measured drinking water consumption. Using average 

body weights for the gestational period (37.6, 37.2, and 35.9 g in the low-, mid-, and high-dose 

groups, respectively; calculated for this report using: [average initial body weight + body weight 

at the end of gestation]l2) and reported daily chromium intakes, daily doses of 53, 101, and 

152 mg hexavalent chromium/kg-day in the low-, mid-, and high-dose groups, respectively, were 

estimated. The number of resorptions was significantly (p < 0.05) increased in all treatment 

groups, with increases reaching 7.7-fold in the high-dose group. In the mid- and high-dose 

groups, significant (p < 0.05) decreases in the total number of fetuses and increases in the 

numbers of dead fetuses and resorption sites were observed. Fetal weight was significantly 

(p < 0.05) decreased by 13 and 19% in the mid- and high-dose groups, respectively; no 

treatment-related effects were observed on fetal length. Gross external examination of fetuses 

showed significant (p < 0.05) increases in the incidences of minor abnormalities (subdermal 

hemorrhagic patches, drooping wrist, kinky and short tail) in the high-dose group. Examination 

of fetuses for skeletal abnormalities showed significant (p < 0.05) increases in the incidences of 

reduced caudal ossification in the mid- and high-dose groups and of reduced nasal, frontal, 
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parietal, interparietal, carpals, and tarsals ossification. No external or skeletal abnormalities were 

observed in fetuses in the low-dose group. No visceral abnormalities were observed in any 

treatment group. 

Junaid et ai. (1996b) concluded that oral exposure of dams during the organogenesis 

phase of gestation produced adverse effects in embryos and during fetal development. EPA 

identified LOAEL and NOAEL values for maternal toxicity of 101 and 53 mg hexavalent 

chromium/kg-day, respectively, based on decreased body weight gain in Swiss albino mice 

administered potassium dichromate in drinking water on GDs 6-14. Based on reduced number 

of implantation sites, the lowest dose tested (approximately 53 mg hexavalent chromium/kg-day) 

in this study was identified by EPA as a developmental LOAEL. 

Junaid et ai., 1995 

The effects oflate gestational exposure to hexavalent chromium on reproductive outcome 

and fetal development were evaluated in mice (Junaid et aI., 1995). Groups of 10 successfully 

mated Swiss albino female mice (average initial body weight of 30 g) were administered 

drinking water containing 0,250, 500, or 750 mg hexavalent chromiumlL (as potassium 

dichromate) on GDs 14 though 19. Throughout the exposure period, dams were evaluated daily 

for clinical signs of toxicity, body weight, and drinking water consumption. On GD 19, dams 

were sacrificed and evaluations of dams and fetuses were conducted as described by Trivedi et 

ai. (1989) (summarized above). 

No mortalities or clinical signs of toxicity were observed in the dams. Gestational weight 

gain was significantly (p < 0.05) decreased in the mid- and high-dose groups by 11 and 26%, 

respectively, but was comparable to controls in the low-dose group. No data on drinking water 

consumption were reported; however, it is likely that daily doses were similar to those calculated 

for the study by Junaid et ai. (1996b) (e.g., approximately 53,101, and 152 mg hexavalent 

chromium/kg-day in the low-, mid-, and high-dose groups, respectively), which used the same 

mouse strain and drinking water concentrations, and a similar study design. In the mid- and 

high-dose groups, the numbers of dead fetuses and postimplantation losses were significantly (p 

< 0.05) increased; the numbers of corpora lutea and total fetuses per litter were similar to 

controls in all treatment groups. Fetal weight and length were significantly decreased in all 

treatment groups, with decreases reaching approximately 47 and 29%, respectively, in the high

dose group. Gross external examination of fetuses showed significant (p < 0.05) increases in the 

incidences of minor abnormalities in the mid-dose (drooping wrists) and high-dose (drooping 

wrists, subdermal hemorrhagic patches, kinky and short tail) groups. Examination of fetuses for 

skeletal abnormalities showed significant (p < 0.05) increases in the incidences of reduced caudal 

ossification in all treatment groups, reduced tarsals ossification in mid- and high-dose groups, 

and reduced nasal, parietal, interparietal, carpals, and metatarsals ossifications in the high-dose 

group. No visceral abnormalities were observed in any treatment group. 
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From this study, EPA identified a LOAEL and NOAEL for maternal toxicity, and a 

LOAEL for developmental effects. The NOAEL and LOAEL values for maternal toxicity, based 

on decreased body weight gain in Swiss albino mice administered potassium dichromate in 

drinking water on GDs 14-19, were 53 and 101 mg hexavalent chromium/kg-day, respectively. 

Based on reduced fetal weight and length and increased incidence of reduced caudal ossification 

in all treatment groups, the lowest dose tested (approximately 53 mg hexavalent chromium/kg

day) was identified as a developmental LOAEL. 

AI-Hamood et ai., 1998 

The effects of gestational and lactational exposure of mice to hexavalent chromium on 

sexual maturation and fertility in offspring were investigated by AI-Hamood et ai. (1998). On 

GD 12 through day 20 of lactation, groups of 25 pregnant Swiss strain BALB/c mice (mean 

initial body weight of 25 g) were administered drinking water containing 0 or 1,000 mg 

potassium dichromate/L (equivalent to 353 mg hexavalent chromiumIL). Based on drinking 

water consumption by dams, daily hexavalent chromium intakes of 2.1 and 1.7 mg hexavalent 

chromium/mouse-day were calculated for the gestational and lactational periods, respectively. 

No data on body weights of dams were reported; however, since other studies have shown 

decreased maternal weight gain in pregnant mice exposed to drinking water containing 

2:176 hexavalent chromiumIL) (Junaid et aI., 1996b, 1995), it is likely that treatment-related 

decreases in maternal weight gain occurred. Therefore, given this uncertainty, daily hexavalent 

chromium doses expressed in terms of body weight cannot be accurately estimated for this study. 

At birth, litters were culled to eight pups per female and offspring were weaned on PND 21; 

from weaning to day 60 of age, offspring received control drinking water. From PND 20 to the 

onset of puberty, female offspring were examined for time to vaginal opening. Fertility in 

offspring was assessed at day 60 of age; male offspring were mated with untreated females and 

female offspring were mated with untreated males for 10 days. At completion of the mating 

period, females were examined for numbers of pregnant females, implantations, viable fetuses, 

and resorptions. Additional groups (n = 9-12) of offspring were sacrificed on day 50 of age, and 

body weights and weights of reproductive organs (paired testes, seminal vesicles, and preputial 

glands in males and paired ovaries and uteri in females) were determined. 

In female offspring, time to vaginal opening was significantly (p < 0.001) increased from 

24.6 days in controls to 27.1 days in treated mice. Mating studies in female offspring showed 

decreased numbers of pregnant females (35% decrease; p < 0.025), implantations (12% decrease; 

p < 0.05), and viable fetuses (14% decrease;p < 0.05). No treatment-related effects on female 

body weight or relative weights of reproductive organs were observed. In male offspring, no 

treatment-related effects were observed in mating studies or on body weights or weights of 

reproductive organs. 
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The results indicate that gestational and lactational exposure ofBALB/c mouse dams to 

drinking water containing 353 mg hexavalent chromiumlL as potassium dichromate resulted in 

impaired reproductive development and function in female offspring. Because of the lack of 

reporting of body weight data over the course of the study, EPA could not identify NOAEL or 

LOAEL values, expressed in mg hexavalent chromium/kg-day, for this study. 

Banu et ai., 2008 

Banu et al. (2008) investigated the effects oflactational exposure to hexavalent 

chromium on sexual development of female rat offspring. Groups of 18 lactating Wistar rats 

were administered drinking water containing 200 mg potassium dichromate (equivalent to 

70.6 mg hexavalent chromiumIL) on postpartum days 1 through 21. No specific assessments of 

dams were conducted. Banu et al. (2008) noted that toxic effects in dams were not "significant," 

although no additional information regarding maternal toxicity or data on body weights or 

drinking water consumption in dams were reported. As discussed above, exposure of laboratory 

animals to hexavalent chromium in drinking water may result in decreased body weight and 

drinking water consumption; thus, in the absence of data on body weight and drinking water 

consumption in dams, daily doses of hexavalent chromium cannot be accurately estimated for 

this study. At birth, litters were culled to four female pups per dam. Following weaning on 

PND 21, pups were separated from dams. Pups (n = 24) were evaluated for the onset of puberty 

by daily examination for vaginal opening. After the onset of puberty, the time spent in each 

estrous cycle phase (proestrous, estrous, metestrous, and diestrous) was determined by analysis 

of vaginal smears (n = 24). On PNDs 21,45, and 65, pups (n = 24, at each time point) were 

sacrificed; at each time point, blood was analyzed for hormones (estradiol, progesterone, 

testosterone, LH, follicle-stimulating hormone [FSH], growth hormone [GH], and prolactin) and 

ovaries were examined for the number of follicles and follicle development stage (primordial, 

primary, secondary, and antral). 

The onset of puberty was significantly (p < 0.05) increased from 33 days in control rats to 

55 days in treated rats. Estrous cycle phase was also altered in treated rats, with the time spent in 

diestrous significantly (p < 0.05) increased by approximately lA-fold compared with controls 

(data presented graphically); time spent in other estrous phases was unaffected by treatment. 

Evaluations of ovaries on PNDs 21 and 45 showed significant (p < 0.05) decreases in the 

numbers of primordial, primary, secondary, and antral follicles in treated rats compared with 

control rats; on PND 65, the numbers of primordial and primary follicles were also decreased in 

treated rats. At the 21- and 45-day assessments in treated rats, plasma concentrations of 

estradiol, progesterone, testosterone, GH, and prolactin were significantly (p < 0.05) decreased 

(by approximately 40-60%) and concentrations ofFSH were significantly increased (by 

approximately 40%), compared with controls. Similar effects were observed at the 65-day 
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assessment, except that FSH concentrations in treatment and control groups were comparable. 

Plasma LH concentration was not affected by treatment at any time point. 

The results indicate that lactational exposure of Wi star rat dams to drinking water 

containing 70.6 mg hexavalent chromiumlL as potassium dichromate resulted in delayed onset of 

puberty and follicular development and impaired ovarian steroidogenesis in female offspring; 

male offspring were not assessed for possible effects on sexual maturation. Because of the lack 

of reporting of body weight data over the course of the study, EPA could not identify NOAEL or 

LOAEL values, expressed in mg hexavalent chromium/kg-day, for this study. 

4.4. SUMMARY OF HUMAN AND ANIMAL STUDIES BY ROUTES OF EXPOSURE 

OTHER THAN ORAL 

Human exposure to chromium compounds by inhalation has been studied in the chromate 

production, chrome plating and chrome pigment, ferro chromium production, gold mining, 

leather tanning, and chrome alloy production industries. Results of occupational epidemiologic 

studies of chromium-exposed workers have consistently demonstrated excess risks for lung 

cancer with chromium exposure. Epidemiological studies of chromate production plants in 

Japan, Great Britain, West Germany, and the United States have revealed a correlation between 

occupational exposure to chromium (specific form not identified) and lung cancer (Mancuso, 

1997; Davies, 1984; Watanabe and Fukuchi, 1975; Frentzel-Beyme, 1983; Langard and 

Vi gander, 1983; Korallus et aI., 1982; Alderson et aI., 1981; Haguenor et aI., 1981; Satoh et aI., 

1981; Hayes et aI., 1979; Hill and Ferguson, 1979; Ohsaki et aI., 1978; Sano and Mitohara, 1978; 

Mancuso, 1975; Enterline, 1974; Taylor, 1966; Todd, 1962; Bidstrup and Case, 1956; Brinton et 

aI., 1952; Bidstrup, 1951; Mancuso and Hueper, 1951; Baejter, 1950a,b; Machle and Gregorius, 

1948). Similarly, studies of chrome pigment workers in the United States (Hayes et aI., 1989), 

England (Davies, 1984, 1979, 1978), Norway (Langard and Vi gander, 1983; Langard and 

Norseth, 1975), and in the Netherlands and Germany (Frentze1-Beyme, 1983) have demonstrated 

an association between occupational chromium exposure and lung cancer. Finally, several 

studies of the chrome plating industry have demonstrated a positive relationship between cancer 

and exposure to chromium compounds (Sorahan et aI., 1987; Royle, 1975). 

Animal data via the inhalation route of exposure are consistent with the findings of 

human epidemiological studies of hexavalent chromium. Hexavalent chromium compounds 

were carcinogenic in animal assays producing the following tumor types: lung tumors following 

inhalation of aerosols of sodium chromate and pyrolized Cr(VI)/Cr(III) oxide mixtures in rats 

(Glaser et aI., 1986), lung tumors following intratracheal administration of sodium dichromate in 

rats (Steinhoff et aI., 1983), intramuscular injection site tumors for various Cr(VI) compounds in 

Fischer 344 and Bethesda Black rats and in C57BL mice (Furst et aI., 1976; Payne, 1960a); 

intrapleural implant site tumors for various Cr(VI) compounds in Sprague-Dawley and Bethesda 

Black rats (Hueper and Payne, 1962; Hueper, 1961; Payne, 1960b), and intrabronchial 
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implantation site tumors for various Cr(VI) compounds in Wi star rats (Levy and Martin, 1983; 

Laskin et aI., 1970; Levy, (as cited in NIOSH, 1975). 

4.5. MECHANISTIC DATA AND OTHER STUDIES IN SUPPORT OF THE MODE OF 

ACTION 

4.5.1. Genotoxicity Studies 

The mutagenic potential of hexavalent chromium has been studied extensively. Although 

study results vary with specific test systems, experimental conditions, and the type of hexavalent 

chromium compound tested, results of in vitro and in vivo studies provide substantial evidence 

for the mutagenic activity of hexavalent chromium. A general summary of this evidence is 

provided in Table 4-20. As discussed in detail in Section 4.4.2 (Intracellular Reduction), 

mutagenicity of hexavalent chromium is mediated through the generation of the highly reactive 

chromium intermediates penta- and tetravalent chromium, reactive oxygen species, and trivalent 

chromium formed during the intracellular reduction of hexavalent chromium. These chromium 

and oxygen species can react with DNA, leading to oxidative DNA damage, chromium-DNA 

adducts, DNA strand breaks, and chromosomal aberrations. 
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Table 4-20. Evidence of mutagenicity of hexavalent chromium compounds in experimental systems 

In vitro studies (nonmammalian In vitro studies In vivo studies 
cells) (mammalian cells) (Drosophila melanogaster or mammals) 

DNA Chromosomal DNA Chromosomal 
Chemical DNA damage Mutations damage Mutations damage damage Mutations damage 

Ammonium chromate ND + ND ND ND ND ND ND 

Calcium chromate ND + ND ND + ND + (D) ND 

Chromic acid ND + ND ND + ND + (D) ND 

Potassium chromate + + + + + +(M) + (D) +(M) 
+(M) 

Potassium dichromate + + + + + +(M) + (D) +(M) 

Sodium chromate ND + + ND + ND ND ND 

Sodium dichromate ND + + ND + +(M) + (D) ND 

Sodium dichromate ND + ND + ND ND ND +(M) 
dihydrate 

+ = positive results; (D) = study in D. melanogaster; (M) = study in laboratory mammal; ND = no data identified for this review 
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4.5.1.1. Genotoxicity Assays in Experimental Systems 

The mutagenic activity of hexavalent chromium has been demonstrated in numerous 

studies using both in vitro and in vivo experimental systems. In in vitro test systems (see 

Tables 4-21 and 4-22 for studies in nonmammalian and mammalian cells, respectively), 

hexavalent chromium compounds have mostly tested positive for gene mutations (including 

reverse mutations, frame shift mutations, and base pair substitutions) and DNA damage 

(including DNA-protein crosslinks) in bacterial cells (Salmonella typhimurium, Escherichia coli, 

Bacillus subtilis). Reverse mutations were observed in multiple species and strains, including 

those that are sensitive to frameshift mutagens (S typhimurium TA97, TA98, TA1537, and 

TA1538), G/C base-pair substitution mutagens (S typhimurium TA100 and TA1535), and 

NT base-pair substitution mutagens caused by oxidizing and/or cross-linking agents 

(S typhimurium TA102; E. coli WP2uvrA and WP2uvrNpKM101). Positive results were also 

found for forward mutations and mitotic gene conversion in yeast (Saccharomyces cerevisiae), 

and DNA damage (DNA strand breaks, fragmentation, DNA-protein crosslinks, DNA-DNA 

crosslinks), chromosomal damage (sister chromatid exchanges and chromosomal aberrations), 

and DNA synthesis inhibition in mammalian cell lines and primary cultures (including primary 

cultures of human gastric mucosal cells, respiratory tract cells, and lymphocytes). 
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Table 4-21. In vitro genotoxicity studies of hexavalent chromium in nonmammalian cells 

Results 

Without 
Endpoint Chemical form Test system activation With activation Reference 

Reverse mutations Ammonium chromate S. typhimurium TA97, TA1538, + NS De Flora et aI., 1984 
TA98, TAlOO 

Reverse mutations Ammonium chromate S. typhimurium TA1537 ± NS De Flora et aI., 1984 

Reverse mutations Ammonium chromate S. typhimurium TA1535 - - De Flora et aI., 1984 

Reverse mutations Calcium chromate S. typhimurium TA97, TA1538, + NS De Flora et aI., 1984 
TA98, TAlOO 

Reverse mutations Calcium chromate S. typhimurium TA1537 ± NS De Flora et aI., 1984 

Reverse mutations Calcium chromate S. typhimurium TA1535 - - De Flora et aI., 1984 

Reverse mutations Calcium chromate S. typhimurium T A98 - ± Dunkel et al., 1984 

Reverse mutations Calcium chromate S. typhimurium TAlOO, TA1535, - Dunkel et al., 1984 
-

TA1537, TA1538 

Reverse mutations Calcium chromate E. coli WP2 uvrA - ± Dunkel et al., 1984 

Reverse mutations Chromic acid S. typhimurium TAI02, TA2638 + ND Watanabe et aI., 1998 

Reverse mutations Chromic acid E. coli, WP2/pKMlOl, WP2 + ND Watanabe et aI., 1998 
uvrA/pKMlOl 

Reverse mutations Chromium trioxide S. typhimurium TA97, TA1538, + NS De Flora et aI., 1984 
TA98, TAlOO 

Reverse mutations Chromium trioxide S. typhimurium TA1537 ± NS De Flora et aI., 1984 

Reverse mutations Chromium trioxide S. typhimurium TA1535 - - De Flora et aI., 1984 

Reverse mutations Potassium chromate S. typhimurium T AlO2 + ND Marzin and Phi, 1985 

Reverse mutations Potassium chromate S. typhimurium TA97, TA1538, + NS De Flora et aI., 1984 
TA98, TAlOO 

Reverse mutations Potassium chromate S. typhimurium TA1537 ± NS De Flora et aI., 1984 

Reverse mutations Potassium chromate S. typhimurium TA1535 - - De Flora et aI., 1984 

Reverse mutations Potassium chromate E. coli Hs30R + ND Nakamuro et aI., 1978 

Reverse mutations Potassium chromate E. coli WP2 hcr- try-, BlrWP2 + (WP2 hcr) ND Kanematsu et al., 1980 

Reverse mutations Potassium chromate E. coli WP2(try-) + ND Venitt and Levy, 1974 

Reverse mutations Potassium chromate E. coli WP2uvrA, CM571 + ND Seo and Lee, 1993 
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Table 4-21. In vitro genotoxicity studies of hexavalent chromium in nonmammalian cells 

Results 

Without 
Endpoint Chemical form Test system activation With activation Reference 

Reverse mutations Potassium dichromate S. typhimurium T A97, T A98, + Zeiger et aI., 1992 
TAlOO, TA1535, TA1537 + 

Reverse mutations Potassium dichromate S. typhimurium T AlO2 + ND Marzin and Phi, 1985 

Reverse mutations Potassium dichromate S. typhimurium T AlOO + + Venier et aI., 1982 

Reverse mutations Potassium dichromate E. coli WP2 hcr- try-, BlrWP2 + (WP2 hcr) ND Kanematsu et aI., 1980 

Reverse mutations Potassium dichromate E. coli Hs30R + ND Nakamuro et aI., 1978 

Reverse mutations Potassium dichromate E. coli WP2, WP2uvrA, CM571 + ND Nishioka, 1975 

Reverse mutations Potassium dichromate E. coli WP2uvrA, CM571 + ND Seo and Lee, 1993 

Reverse mutations Potassium dichromate S. cerevisiae D7 + ND Singh, 1983 

Reverse mutations Potassium dichromate S. typhimurium T A98 ± - Venier et aI., 1982 

Reverse mutations Potassium dichromate S. typhimurium TA1538 - - Venier et aI., 1982 

Reverse mutations Sodium chromate E. coli WP2(try-) + ND Venitt and Levy, 1974 

Reverse mutations Sodium dichromate S. typhimurium TAI02, TA2638 + ND Watanabe et aI., 1998 

Reverse mutations Sodium dichromate S. typhimurium T AlO2 + Bennicelli et aI., 1983 
+ 

Reverse mutations Sodium dichromate S. typhimurium T AlOO + - De Flora, 1978 

Reverse mutations Sodium dichromate S. typhimurium T A97 + NS De Flora et aI., 1984 

Reverse mutations Sodium dichromate S. typhimurium TA1537, TA1538, 
± 

NS De Flora et aI., 1984 
TA98, TAlOO 

Reverse mutations Sodium dichromate S. typhimurium TA1535 - - De Flora et aI., 1984 

Reverse mutations Sodium dichromate E. coli, WP2/pKMlOl, WP2 + ND Watanabe et aI., 1998 
uvrA/pKMlOl 

Reverse mutations Sodium dichromate dihydrate S. typhimurium TAlO2, TA2638a + - Ryden et aI., 2000 

Reverse mutations Sodium dichromate dihydrate S. typhimurium T AlOO, T A98 + + NTP,2007 

Reverse mutations Sodium dichromate dihydrate E. coli, WP2 uvrA/pKMlOl + + NTP,2007 

Induction of SOS response Chromic acid E. coli AB1l57, GC2375, + ND Llagostera et aI., 1986 
UA4202, PQ30 

Induction of SOS response Potassium chromate E. coli PQ37, PQ35 + - Olivier and Marzin, 1987 
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Table 4-21. In vitro genotoxicity studies of hexavalent chromium in nonmammalian cells 

Results 

Without 
Endpoint Chemical form Test system activation With activation Reference 

Induction of SOS response Potassium chromate E. coli AB1l57, GC2375, 
+ 

ND Liagostera et aI., 1986 
UA4202, PQ30 

Induction of SOS response Potassium dichromate E. coli AB1l57, GC2375, 
+ 

ND Liagostera et aI., 1986 
UA4202, PQ30 

Induction of SOS response potassium dichromate E. coli PQ37, PQ35 + - Olivier and Marzin, 1987 

Mutations Ammonium chromate S. typhimurium TA1978 (rec+), + ND Gentile et aI., 1981 
TA1538 (rec -) 

Mutations Ammonium chromate B. subtilis + ND Gentile et aI., 1981 

Mutations Calcium chromate S. typhimurium T A97, T A98, - Brams et aI., 1987 
-

TA100 

Mutations Chromic acid S. typhimurium TA1978 (rec+), + ND Gentile et aI., 1981 
TA1538 (rec -) 

Mutations Chromic acid B. subtilis + ND Gentile et aI., 1981 

Mutations Potassium chromate S. typhimurium T A98, T A100, 
+ 

ND Arlauskas et aI., 1985 
TA1537 

Mutations Potassium chromate S. typhimurium T A100 + ND Arlauskas et aI., 1985 

Mutations Potassium chromate E. coli WP2 uvrA pKm 10 1 + ND Arlauskas et aI., 1985 

Mutations Potassium chromate B. subtilis H17 + ND Nishioka, 1975 

Mutations Potassium chromate S. typhimurium TA1535, TA1538 - ND Arlauskas et aI., 1985 

Mutations Potassium dichromate S. typhimurium TA 1535 pSK1002 + + Yamamoto et aI., 2002 

Mutations Potassium dichromate S. typhimurium TAI00, TA1025, 
+ 

ND Le Curieux et aI., 1993 
TA98 

Mutations Potassium dichromate S. typhimurium TA1978 (rec+), + ND Gentile et aI., 1981 
TA1538 (rec-) 

Mutations Potassium dichromate E. coli WP2uvrA + ND Venier et aI., 1987 

Mutations Potassium dichromate B. subtilis + ND Gentile et aI., 1981 

Mutations Sodium dichromate B. subtilis + ND Gentile et aI., 1981 

Mutations Potassium dichromate B. subtilis NIG45, NIGl7 + ND Matsui, 1980 

Mutations Potassium dichromate B. subtilis H17 + ND Nishioka, 1975 
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Table 4-21. In vitro genotoxicity studies of hexavalent chromium in nonmammalian cells 

Results 

Without 
Endpoint Chemical form Test system activation With activation Reference 

Mutations Sodium dichromate S. typhimurium TA1978 (rec+), + ND Gentile et al., 1981 
TA1538 (rec -) 

Frame shift mutations Calcium chromate S. typhimurium TA98, TA1537 + ND Haworth et aI., 1983 

Frame shift mutation Potassium chromate S. typhimurium TA1537 + ND La VelIe, 1986 

Frame shift mutation Potassium chromate E. coli 343/358, /415, /435, /477 + ND La VelIe, 1986 

Frame shift mutations Potassium dichromate S. typhimurium TA97a, TA98 + + Tagliari et aI., 2004 

Frame shift mutations Potassium dichromate S. typhimurium TAlOO, TA1537, - ND Kanematsu et al., 1980 
TA1538 

Frame shift mutations Sodium dichromate S. typhimurium T A97, T A1978 + ND Bennicelli et al., 1983 

Frame shift mutations Sodium dichromate S. typhimurium TA1537, TA1538 - ND Bennicelli et al., 1983 

Frame shift mutations, base Calcium chromate S. typhimurium TA1537, TA98, + + Petrilli and De Flora, 1977 
pair substitutions TAlOO 

Frame shift mutations, base Calcium chromate S. typhimurium TA1535 - - Petrilli and De Flora, 1977 
pair substitutions 

Frame shift mutations, base Chromic acid S. typhimurium TA1537, TA98, + + Petrilli and De Flora, 1977 
pair substitutions TAlOO 

Frame shift mutations, base Chromic acid S. typhimurium TA1535 - - Petrilli and De Flora, 1977 
pair substitutions 

Frame shift mutations, base Potassium chromate S. typhimurium TA1537, TA98, + + Petrilli and De Flora, 1977 
pair substitutions TAlOO 

Frame shift mutations, base Potassium chromate S. typhimurium TA1535 - - Petrilli and De Flora, 1977 
pair substitutions 

Frame shift mutations, base Potassium dichromate S. typhimurium T A98 T AlOO, + + Bianchi et al., 1983 
substitutions TA1535, TA1538 

Frame shift mutations, base Sodium dichromate S. typhimurium TA1537, TA98, + + Petrilli and De Flora, 1977 
pair substitutions TAlOO 

Frame shift mutations, base Sodium dichromate S. typhimurium TA1535 - - Petrilli and De Flora, 1977 
pair substitutions 

Base pair substitutions Ammonium chromate S. typhimurium TA1537, TA1538, 
± 

NS De Flora et aI., 1984; De Flora, 
TA98, TAlOO 1981 

Base pair substitutions Ammonium chromate S. typhimurium TA1535 - - De Flora, 1981 
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Table 4-21. In vitro genotoxicity studies of hexavalent chromium in nonmammalian cells 

Results 

Without 
Endpoint Chemical form Test system activation With activation Reference 

Base pair substitutions Calcium chromate S. typhimurium TAlOO, TA1535 + ND Haworth et aI., 1983 

Base pair substitutions Calcium chromate S. typhimurium TA1537, TA1538, ± NS De Flora et aI., 1984; De Flora, 
TA98, TAlOO 1981 

Base pair substitutions Calcium chromate S. typhimurium TA1535 - - De Flora, 1981 

Base pair substitutions Chromic acid S. typhimurium TA1537, TA1538, ± NS De Flora et aI., 1984; De Flora, 
TA98, TAlOO 1981 

Base pair substitutions Chromic acid S. typhimurium TA1537, TA1538, ± NS De Flora et aI., 1984; De Flora, 
TA98, TAlOO 1981 

Base pair substitutions Potassium chromate S. typhimurium TA1537, TA1538, ± NS De Flora et aI., 1984; De Flora, 
TA98, TAlOO 1981 

Base pair substitutions Potassium chromate S. typhimurium TA1535 - - De Flora, 1981 

Base pair substitutions Potassium dichromate S. typhimurium T AlOO, T AlO2 + + Tagliari et aI., 2004 

Base pair substitutions Potassium dichromate S. typhimurium TAlOO, TA1535 - ND Kanematsu et al., 1980 

Base pair substitutions Sodium dichromate S. typhimurium T AlOO, T AlO2, + ND Bennicelli et al., 1983 
TA92 

Base pair substitutions Sodium dichromate S. typhimurium TA1537, TA1538, ± NS De Flora et aI., 1984; De Flora, 
TA98, TAlOO 1981 

Base pair substitutions Sodium dichromate S. typhimurium TA1535 - - De Flora, 1981 

Base pair substitutions Sodium dichromate S. typhimurium TA1535 - ND Bennicelli et al., 1983 

Reverse mutation, Potassium dichromate S. cerevisiae D7 + ND Kharab and Singh, 1985 
induction of gene 
conversion 

Forward mutation Potassium dichromate Schizosaccharomyces pombe ± ND Bonatti et aI., 1976 
972, h-

Mitotic cross-over Chromic acid S. cerevisiae D7 + ND Fukunaga et al., 1982 

Mitotic gene conversions Chromic acid S. cerevisiae D7 + ND Singh, 1983; Fukunaga et aI., 
1982 

Mitotic gene conversion, Sodium chromate S. cerevisiae D7 + ND Bronzetti and Galli, 1989 
point reverse mutation 
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Table 4-21. In vitro genotoxicity studies of hexavalent chromium in nonmammalian cells 

Results 

Without 
Endpoint Chemical form Test system activation With activation Reference 

Mitotic gene conversion at Chromic acid S. cerevisiae D7 + ND Vashishat and Vasudeva, 1987 
trp5 locus, reverse mutation 
of ilvl-92 allele 

Mitotic gene conversion at Potassium dichromate S. cerevisiae D7 + ND Vashishat and Vasudeva, 1987 
trp5 locus, reverse mutation 
of ilvl-92 allele 

Induction of disomic and Potassium dichromate S. cerevisiae DIS 13 + ND Sora et aI., 1986 
diploid spores 

umu gene expression Potassium dichromate S. typhimurium TA1535 ± - Nakamura et aI .. 1987 

DNA damage Potassium dichromate E. coli PQ37 + ND Le Curieux et aI., 1993 

DNA-protein crosslinks Potassium chromate E. coli DNA - ND Fomace et aI., 1981 

DNA polymerase arrest Sodium dichromate PSV2neo-based plasmid DNA - + Bridgewater et aI., 1998, 1994 

+ = positive; ± = equivocal or weakly positive; - = negative; ND = no data; NS = not specified 
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Table 4-22. In vitro genotoxicity studies of hexavalent chromium in mammalian cells 

Results 

Without With 
Endpoint Chemical form Test system activation activation Reference 

DNA damage Potassium Human lymphocytes + ND Blasiak and Kowalik, 2000 
dichromate 

DNA damage Potassium Human gastric mucosa + ND Trzeciak et aI., 2000 
dichromate 

DNA damage Potassium Human peripheral blood lymphocytes + ND Trzeciak et aI., 2000 
dichromate 

DNA damage Potassium Human lymphocytes, human lymphoblastoid TK-6 + ND Cemeli et aI., 2003 
dichromate cells 

DNA damage Sodium Human gastric mucosa cells, rat gastric mucosa cells + ND Pool-Zobel et aI., 1994 
dichromate 

DNA adducts, e2p] Potassium Calf thymus DNA - - Adams et aI., 1996 
postlabeling chromate (+1 mM 

H20 2) 

DNA fragmentation Potassium Human bronchial epithelial cells + ND Fomace et aI., 1981 
chromate 

DNA fragmentation Potassium Human embryonic lung fibroblasts (IMR -90) + ND Fomace et aI., 1981 
chromate 

DNA fragmentation Potassium Mouse Ll2l0 leukemia cells + ND Fomace et aI., 1981 
chromate 

DNA fragmentation sodium Chinese hamster ovary cells + ND Blankenship et aI., 1997 
chromate 

DNA strand breaks Potassium Vero kidney fibroblasts, Pam 212 keratinocytes + ND Flores and Perez, 1999 
dichromate 

DNA strand breaks Sodium Rat primary lymphocytes + ND Gealy et aI., 2007 
dichromate 

DNA strand breaks Sodium Rat hepatocytes + ND Gao et aI., 1993 
dichromate 

DNA strand breaks Potassium Human lymphocytes + ND Depault et aI., 2006 
chromate 
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Table 4-22. In vitro genotoxicity studies of hexavalent chromium in mammalian cells 

Results 

Without With 
Endpoint Chemical form Test system activation activation Reference 

DNA strand breaks Potassium Human fibroblast + ND Fomace, 1982 
chromate 

DNA strand breaks Potassium Bacteriophage A DNA + + Adams et aI., 1996 
chromate (+lmM 

H20 2) 

DNA strand breaks Sodium Rat primary lymphocytes + ND Elia et aI., 1994 
dichromate 

DNA strand breaks Potassium Human lymphocytes, human gastric mucosa cells + ND Blasiak et aI., 1999 
dichromate 

DNA-DNA crosslinks Sodium Human lung fibroblasts + ND Xu et aI., 1996 
chromate 

DNA-protein crosslinks Potassium Human embryonic lung fibroblasts (IMR -90) + ND Fomace et aI., 1981 
chromate 

DNA-protein crosslinks Potassium Human fibroblast + ND Fomace, 1982 
chromate 

DNA-protein crosslinks Potassium Chinese hamster cells (V79-UL) + ND Merk et aI., 2000 
chromate 

DNA-protein crosslinks Potassium Mouse Ll2l0 leukemia cells + ND Fomace et aI., 1981 
chromate 

DNA-protein crosslinks Sodium Human HL-60 cells + ND Capellmann et aI., 1995 
chromate 

Induced DNA methylation Potassium Chinese hamster V79 cells (hpdgpt transgenic cell + (T) ND Klein et aI., 2002 
chromate line G12) 

Unscheduled DNA synthesis Sodium Rat hepatocytes + (T) ND Gao et aI., 1993 
dichromate 

DNA synthesis inhibition Potassium HeLa S3 cells + ND Heil and Reifferscheid, 1992 
chromate 

DNA synthesis inhibition Potassium Mouse L cells + ND Nishio and Uyeki, 1985 
dichromate 
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Table 4-22. In vitro genotoxicity studies of hexavalent chromium in mammalian cells 

Results 

Without With 
Endpoint Chemical form Test system activation activation Reference 

DNA polymerase arrest Sodium Human lung fibroblasts + ND Xu et aI., 1996 
chromate 

Mutations at the HGPRT Potassium Chinese hamster ovary cells (AT3-2) + ND Paschin et al., 1983 
locus dichromate 

Mutations at the HGPRT Potassium Chinese hamster cells (V79) + ND Paschin et al., 1983 
locus dichromate 

Forward mutation Calcium Mouse lymphoma cells (L5178Y tk+/tln + + McGregor et aI., 1987 
chromate 

Forward mutation Calcium Mouse lymphoma cells (L5178Y tk +) + + Mitchell et aI., 1988 
chromate 

Forward mutation Calcium Mouse lymphoma cells (L5178Y tk +) + + Myhr and Caspary, 1988 
chromate 

Forward mutation Calcium Mouse lymphoma cells (L5178Y tk +) + + Oberly et al., 1982 
chromate 

Morphological Calcium Syrian hamster embryo cells + ND Elias et aI., 1991 
transformation chromate 

Morphological Sodium Syrian hamster cells + ND DiPaolo and Casto, 1979 
transformation chromate 

dihydrate 

Cell transformation Calcium Balb/3T3, Syrian hamster embryo, R-MuL V-RE cells + ND Dunkel et al., 1981 
chromate 

Transformations Potassium Rat liver epithelial cells + ND Briggs and Briggs, 1988 
chromate 

Chromosomal damage Calcium Chinese hamster ovary cells + ND Levis and Majone, 1979 
chromate 

Chromosomal damage Chromic acid Chinese hamster ovary cells + ND Levis and Majone, 1979 

Chromosomal damage Potassium Chinese hamster ovary cells + ND Levis and Majone, 1979 
chromate 

Chromosomal damage Potassium Chinese hamster ovary cells + ND Seoane and Dulout, 1999 
dichromate 
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Without With 
Endpoint Chemical form Test system activation activation Reference 

Chromosomal damage Potassium Chinese hamster ovary cells + ND Levis and Majone, 1979 
dichromate 

Chromosomal damage Potassium Chinese hamster ovary cells + ND Majone and Levis, 1979 
dichromate 

Chromosomal damage Sodium Chinese hamster ovary cells + ND Levis and Majone, 1979 
chromate 

Chromosomal damage Sodium Chinese hamster ovary cells + ND Levis and Majone, 1979 
dichromate 

Chromosomal damage Sodium Chinese hamster ovary cells + ND Majone and Levis, 1979 
dichromate 

Chromosome aberrations Calcium Chinese hamster lung DON cells + ND Koshi and Iwasaki, 1983; Koshi, 
chromate 1979 

Chromosome aberrations Calcium Chinese hamster ovary cells (C3HlOTl/2) + ND Sen et al., 1987 
chromate 

Chromosome aberrations Chromic acid BHK and Chinese hamster ovary cells + ND Bianchi et al., 1980 

Chromosome aberrations Chromic acid Mouse mammary FM3A carcinoma cells + ND Umeda and Nislunura, 1979 

Chromosome aberrations Chromic acid Chinese hamster lung DON cells + ND Koshi and Iwasaki, 1983; Koshi, 
1979 

Chromosome aberrations Potassium Human fibroblasts + ND MacRae et aI., 1979 
chromate 

Chromosome aberrations Potassium Chinese hamster lung DON cells + ND Koshi and Iwasaki, 1983; Koshi, 
chromate 1979 

Chromosome aberrations Potassium Chinese hamster ovary cells + ND MacRae et aI., 1979 
chromate 

Chromosome aberrations Potassium BHK and Chinese hamster ovary cells + ND Bianchi et al., 1980 
chromate 

Chromosome aberrations Potassium Mouse mammary FM3A carcinoma cells + ND Umeda and Nislunura, 1979 
chromate 

Chromosome aberrations Potassium Human fibroblasts + ND MacRae et aI., 1979 
dichromate 
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Results 

Without With 
Endpoint Chemical form Test system activation activation Reference 

Chromosome aberrations Potassium Chinese hamster ovary cells + ND MacRae et aI., 1979 
dichromate 

Chromosome aberrations Potassium BHK and Chinese hamster ovary cells + ND Bianchi et al., 1980 
dichromate 

Chromosome aberrations Potassium Mouse mammary FM3A carcinoma cells + ND Umeda and Nislnnura, 1979 
dichromate 

Chromosome aberrations Sodium Human primary bronchial fibroblasts + ND Wise et aI., 2004, 2002 
chromate 

Chromosome aberrations Sodium Human bronchial fibroblasts (WTHBF -6 cells) + ND Holmes et aI., 2006 
chromate 

Chromosome aberrations Sodium Human bronchial epithelial cells (BEP2D cells) + ND Wise et aI., 2006a 
chromate 

Chromosome aberrations Sodium Chinese hamster ovary cells + ND Blankenship et al., 1997 
chromate 

Chromosome aberrations Sodium Chinese hamster ovary cells (AA8 (parental), EM9 + ND Grlickova-Duzevik,2006 
chromate (XRCCI mutant), and H9T3 

Chromosome aberrations Sodium BHK and Chinese hamster ovary cells + ND Bianchi et al., 1980 
dichromate 

Chromosome and chromatid Potassium Human lymphocytes + ND Imreh and Radulescu, 1982 
aberrations dichromate 

Sister chromatid exchanges Calcium Human lymphocytes + ND Gomez-Arroyo et aI., 1981 
chromate 

Sister chromatid exchanges Calcium Chinese hamster lung DON cells + ND Koshi and Iwasaki, 1983; Koshi, 
chromate 1979 

Sister chromatid exchanges Calcium Chinese hamster ovary cells + ND Levis and Majone, 1979 
chromate 

Sister chromatid exchanges Chromic acid Chinese hamster ovary cells + ND Levis and Majone, 1979 

Sister chromatid exchanges Chromic acid Chinese hamster cells DON + ND Ohno et aI., 1982 

Sister chromatid exchanges Chromic acid Chinese hamster lung DON cells + ND Koshi and Iwasaki, 1983; Koshi, 
1979 
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Sister chromatid exchanges Chromic acid BHK and Chinese hamster ovary cells + ND Bianchi et aI., 1980 

Sister chromatid exchanges Potassium Human fibroblasts + ND MacRae et aI., 1979 
chromate 

Sister chromatid exchanges Potassium Chinese hamster lung DON cells + ND Koshi and Iwasaki, 1983; Koshi, 
chromate 1979 

Sister chromatid exchanges Potassium Chinese hamster ovary cells + ND Levis and Majone, 1979 
chromate 

Sister chromatid exchanges Potassium Chinese hamster ovary cells + ND MacRae et aI., 1979 
chromate 

Sister chromatid exchanges Potassium Chinese hamster cells DON + ND Ohno et aI., 1982 
chromate 

Sister chromatid exchanges Potassium BHK and Chinese hamster ovary cells + ND Bianchi et aI., 1980 
chromate 

Sister chromatid exchanges Potassium Human lymphocytes + ND Gomez-Arroyo et aI., 1981 
dichromate 

Sister chromatid exchanges Potassium Human lymphocytes + ND Imreh and Radulescu, 1982 
dichromate 

Sister chromatid exchanges Potassium Human fibroblasts + ND MacRae et aI., 1979 
dichromate 

Sister chromatid exchanges Potassium Chinese hamster ovary cells + ND Levis and Majone, 1981 
dichromate 

Sister chromatid exchanges Potassium Chinese hamster ovary cells + ND Levis and Majone, 1979 
dichromate 

Sister chromatid exchanges Potassium Chinese hamster ovary cells + ND Majone and Levis, 1979 
dichromate 

Sister chromatid exchanges Potassium Chinese hamster ovary cells + ND MacRae et aI., 1979 
dichromate 

Sister chromatid exchanges Potassium Chinese hamster cells DON + ND Ohno et aI., 1982 
dichromate 
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Endpoint Chemical form Test system activation activation Reference 

Sister chromatid exchanges Potassium BHK and Chinese hamster ovary cells + ND Bianchi et aI., 1980 
dichromate 

Sister chromatid exchanges Potassium Mouse blastocysts + ND Iijima et aI., 1983 
dichromate 

Sister chromatid exchanges Sodium Chinese hamster ovary cells + ND Levis and Majone, 1979 
chromate 

Sister chromatid exchanges Sodium BHK and Chinese hamster ovary cells + ND Bianchi et aI., 1980 
chromate 

Sister chromatid exchanges Sodium Chinese hamster ovary cells + ND Levis and Majone, 1979 
dichromate 

Sister chromatid exchanges Sodium Chinese hamster ovary cells + ND Majone and Levis, 1979 
dichromate 

Sister chromatid exchanges Sodium BHK and Chinese hamster ovary cells + ND Bianchi et aI., 1980 
dichromate 

Disruption of mitosis Sodium Human bronchial fibroblasts (WTHBF -6 cells) + ND Wise et aI., 2006b 
chromate 

+ = positive; ± = equivocal or weakly positive; - = negative; (T) = toxicity; ND = no data 

165 DRAFT - DO NOT CITE OR QUOTE 

NWMAR118193 



In in vivo test systems (see Table 4-23), hexavalent chromium compounds have tested 

positive for mutations in Drosophila melanogaster and for DNA damage (DNA-protein 

crosslinks, DNA strand breaks), mutations (in mice exposed in utero, in mouse germ cells, and in 

transgenic mice), chromosomal damage (sister chromatid exchanges, chromosomal aberrations, 

and micronuclei), and DNA synthesis inhibition in rats and mice. The in vivo studies in 

laboratory mammals have evaluated the mutagenic activity of hexavalent chromium following 

exposure by the oral, parenteral, inhalation, and intratracheal routes. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions Results Comments Reference 

Oral exposures (drinking water): mice 

DNA deletions Female C57BLI Potassium dichromate was administered in drinking water at + 62.5 mg Dose-response; no signs of Kirpnick -Sobol 
6JpUll/p Ull mouse concentrations of 0, 62.5, or 125 mgIL at 10.5 to 20.5 days Cr(VI)/L toxicity observed. et al., 2006 
offspring postcoitum (average dose of 12.5 or 25 mg/kg-day). 20-day-

old offspring wcrc harvcstcd to visualizc cycspots 
corresponding to DNA deletions in their retinal pigment 
epithelium (RPE). 

Micronuclei Pregnant Swiss Potassium dichromate was administered in drinking water at - 10mg No effect on PCEINCE De Flora et aI., 
albino mouse bone concentrations of 0, 5, or 10 mg hexavalent chromiumIL Cr(VI)/L ratio (no cytotoxicity). 2006 
marrow, dams; throughout the duration of pregnancy. Mice were sacrificed 
fetal liver and on d 18 of pregnancy and bone marrow cells were collected 
peripheral blood from dams and liver cells were collected from fetuses. 
cells Sodium dichromate dihydrate was administered in drinking - 10mg 

water at concentrations of 0, 5, or 10 mg hexavalent Cr(VI)/L 
chromiumIL throughout the duration of pregnancy. Mice were 
sacrificed on d 18 of pregnancy and bone marrow cells were 
collected. Liver and peripheral blood samples were collected 
from the fetuses. 

BDF] male mouse Potassium dichromate was administered in drinking water at 0, - 20mg 
bone marrow and 10, or 20 mg hexavalent chromiumIL for 20 d. Cr(VI)/L 
peripheral blood 
cells 

BDF] mouse (male Sodium dichromate dihydrate was administered in drinking - 500mg 
and female) bone water at 0,5,50, and 500 mg hexavalent chromiumIL for 210 Cr(VI)/L 
marrow or d. Peripheral blood cells were collected on dO, 14,28,56, 
peripheral blood and 147; bone marrow cells were collected on d 210. 
cells 

Micronuclei Swiss-Webster Potassium dichromate was administered at concentrations of - 20mg No effect on %PCEs. Mirsalis et aI., 
mouse bone 0, 1, 5, or 20 mg hexavalent chromiumIL in drinking water. Cr(VI)/L 1996 
marrow cells One set of mice was allowed access to drinking water ad 

libitum, for 48 hours, while a second group was administered 
two bolus doses (20 mL/kg) of the same concentrations at 24 
and 48 hours before sacrifice. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions Results Dosea Comments Reference 

Micronuclei B6C3F] (5/group), Sodium dichromate dihydrate was administered in drinking ±b 87.2 mg No effect on PCEINCE NTP,2007 
BALB!c (5/group), water for 3 mo at concentrations of 0, 62.5, 125, or 250 mgIL Cr(VI)/L ratio; no clinical signs of 
and am3-C57BLl6 (0,21.8,43.6, or 87.2 mg hexavalent chromiumIL). NTP (B6C3F]) toxicity observed. 
(l0/group) male estimated average daily doses at 0, 2.8, 5.2, or 8.7 mg 
mouse peripheral hexavalent chromiumlkg. - 87.2 mg 
red blood cells Cr(VI)/L 

(BALB!C) 

+ 43.6 mg 
Cr(VI)/L 
(am3-
C57BLl6) 

B6C3F] mouse Sodium dichromate dihydrate was administered in drinking - 349mg 
(l0/sex/group) water for 3 mo at concentrations 0, 62.5, 125,250, 500, or Cr(VI)/L 
peripheral red 1,000 mgIL (0, 21.8, 43.6,87.2, 174.5, or 349 mg hexavalent 
blood cells chromiumIL). NTP estimated daily doses at 0,3.1,5.2,9.1, 

15.7, or 27.9 mg hexavalent chromiumlkg. 

Oxidative DNA Female SKH-l Sodium dichromate dihydrate was administered in drinking - 20mg No measure of cytotoxicity; De Flora et aI., 
damage, DNA hairless mouse water at concentrations of 0, 5, and 20 mg hexavalent Cr(VI)/L no weight changes in mice. 2008 
protein forestomach, chromiumIL for 9 mo. Using reference values for body 
crosslinks glandular stomach, weight (0.0353 kg) and daily drinking water intake (0.0085 

and duodenum Lid) for female B6C3F] mice (U.S. EPA, 1988), doses of 1.20 
cells and 4.82 mg hexavalent chromiumlkg-d for the 5 and 20 mg 

hexavalent chromiumIL groups, respectively, were estimated. 
DNA-protein crosslinks and oxidative DNA damage (8-oxo-
2' deoxyguanosine) were measured in forestomach, glandular 
stomach, and duodenum cells. 

Unscheduled Fischer 344 rat Potassium dichromate was administered at concentrations of - 20mg No measure of cytotoxicity. Mirsalis et aI., 
DNA synthesis hepatocytes 0, 1, 5, or 20 mg hexavalent chromiumIL in drinking water ad Cr(VI)/L RDS not determined. 1996 

libitum for 48 hours, while a second group was administered 
single gavage doses (20 mL/kg) at the same concentrations. 
Hepatocytes were collected from the rat livers and analyzed in 
the in vivo-in vitro hepatocyte DNA repair assay. 

Oral exposures (drinking water): rats 

DNA-protein Male Fischer 344 Potassium chromate was administered in drinking water for 3 + 100mg No cytotoxicity detected. Coogan et aI., 
crosslinks rat liver and and 6 wks at 100 and 200 ppm hexavalent chromium. Liver Cr(VI)/L 1991 

splenic and splenic lymphocytes were examined for DNA-protein 
lymphocytes crosslinks; crosslinks were detected in liver, not lymphocytes. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions Results Comments Reference 

Oral exposures (gavage): mice 

DNA damage, Swiss albino Potassium dichromate was administered by single gavage + 0.21 mg Dose-response from 0.59- Devi et al., 
comet assay mouse leukocytes doses of 0, 0.59, 1.19,2.38,4.75,9.5, 19,38, or 76 mglkg (0, Cr(VI)/kg 9.5 mglkg. Peak response 2001 

0.21,0.42,0.84, 1.68,3.37,6.7, 13.5, or 26.9 mg hexavalent at 48 h. No cytotoxicity 
chromiumlkg). Samples of whole blood wcrc collcctcd at 24, dctcctcd (trypan bluc). 
48, 72, and 96 hours, and 1 and 2 wks post -treatment for 
alkaline SCGE comet assay analysis of leukocytes. 

DNA damage, Swiss albino Potassium dichromate was administered by gavage at doses of + (T) 8.8mg Dose-response; apoptosis Wang et aI., 
comet assay mouse peripheral 0,25, 50, and 100 mg/kg for 1 day or daily for 5 consecutive Cr(VI)/kg detected only in liver, not 2006 

lymphocytes days (0,8.8, 17.7, and 35.4 mg hexavalent chromiumlkg). in kidney. No lipid 
Statistically significant: DNA damage in lymphocytes, and peroxidation. 
ROS, apoptosis, and suppression of catalase and SOD in liver 
and not kidney, at 1 and 5 days. No suppression ofMDA in 
liver. 

DNA damage, ddYmouse Potassium chromate was administered in single gavage doses + 85.7 mg One dose group. Effects Sekihashi et al., 
comet assay stomach, colon, of 0 or 320 mg/kg (0 or 85.7 mg hexavalent chromiumlkg). Cr(VI)/kg subsided at 24 h; 3 h peak 2001 

liver, kidney, Cells were collected 3,8, and 24 hours after treatment and for bladder only. No 
bladder, lung, analyzed for DNA damage using the comet assay. DNA clinical or microscopic 
brain, and bone damage was found in stomach, colon, liver, kidney, bladder, signs of cytotoxicity. 
marrow lung, and brain, but not in bone marrow. 

Micronuclei BDF] male mouse Potassium dichromate was given as a single gavage dose of 0 - 50mg No effect on PCEINCE De Flora et aI., 
bone marrow cells or 50 mg hexavalent chromiumlkg. Cr(VI)/kg ratio (no cytotoxicity). 2006 

Micronuclei Male MS/ Ae and Potassium chromate was administered by single gavage doses - (T) 113.1 mg Negative up to acutely Shindo et aI., 
CD-l mouse bone of 0, 10,20,40,80,160, or 320 mg/kg (0,3.5,7.1, 14.1,28.3, Cr(VI)/kg toxic doses. 1989 
marrow cells 56.6, or 113.1 mg hexavalent chromiumlkg). 

Parenteral exposures: mice 

Mutation Female C57BLl6J Potassium chromate was administered by intraperitoneal (i.p.) + 2.7mg Decline in number of Knudsen, 1980 
mouse offspring injection at a dose of 0, 10, or 20 mg/kg on days 8, 9, and 10 Cr(VI)/kg surviving offspring with 

of pregnancy in a mammalian spot test (0,2.7, or 5.4 mg dose. 
hexavalent chromiumlkg). The offsprings' fur was checked 
for colored spots from wk 2 through 5 after birth. 

Mutation Male lacZ Potassium chromate was administered as an i.p. dose of 0 or + 14.1 mg One dose group. Itohand 
transgenic Muta™ 40 mglkg once a day for 2 consecutive days (0 or 14.1 mg Cr(VI)/kg Cytotoxicity not reported. Shimada, 1997 
mouse liver and hexavalent chromiumlkg). Only one sampling time at day 7 
bone marrow cells after second treatment. Statistically significant increase in 

mutation frequency in liver and not bone marrow. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions Results Dosea Comments Reference 

Mutation Male lacZ Potassium chromate was administered as an i.p. dose of 0 or + 14.1 mg One dose group. Itohand 
transgenic Muta™ 40 mglkg once a day for 2 consecutive days (0 or 14.1 mg Cr(VI)/kg Cytotoxicity not reported. Shimada, 1998 
mouse liver and hexavalent chromiumlkg). Two sampling times (l and 7 days) 
bone marrow cells after second treatment. Statistically significant increase in 

mutation frequency in bone marrow on d 1 (not d 7) and in 
liver on d 7 (not d 1). 

Dominant CBA x C57B1I6J Potassium dichromate was administered as a single i.p. + 7.1 mg Statistically significant Paschin et aI., 
lethality hybrid male mouse injection of 0, 0.5, 1.0,2.0, 10, or 20 mg/kg (0, 0.18, 0.35, Cr(VI)/kg decrease in embryo 1982 

0.70,3.5, or 7.1 mg hexavalent chromiumlkg) or with (acute i.p. survival. Too few doses 
intraperitoneal injections of 0, 1.0, or 2.0 mg/kg potassium injection) used to detect dose-
dichromate daily for 21 days (0, 0.35, 0.70 mg hexavalent response. 
chromiumlkg). Each male was mated with two untreated 0.7mg 
females for 7 days, and then replaced by two more females + Cr(VI)/kg 
every 7 days for 4 consecutive wks. Pregnant dams were (repeated 
sacrificed 12-14 days after conception. The frequency of i.p. 
dominant lethal mutations in male mice was determined based injection) 
on the postimplantation loss. 

DNA damage, ddYmouse Potassium chromate was administered as a single i.p. dose of + 32.1 mg One dose group. Effects Sekihashi et al., 
comet assay stomach, colon, o or 120 mglkg (0 or 32.1 mg hexavalent chromiumlkg). Cells Cr(VI)/kg subsided at 24 h; peak at 3 2001 

liver, kidney, were collected 3,8, and 24 hours after treatment and analyzed h for bladder, lung, and 
bladder, lung, for DNA damage using the comet assay. DNA damage was brain. No clinical or 
brain, and bone detected in stomach, colon, bladder, lung, and brain, but not in microscopic signs of 
marrow liver, kidney, or bone marrow. cytotoxicity . 

DNA damage, Male albino mouse Potassium dichromate was administered as a single i.p. dose of + 20mg Same pattern as Cr(V) Veno et aI., 
comet assay liver, kidney, o or 20 mg hexavalent chromiumlkg. Organs were removed Cr(VI)/kg complexes. Cytotoxicity 2001 

spleen, lung, and and cells were collected for DNA strand break analysis by not reported. DNA damage 
brain single-cell gel electrophoresis. DNA damage was detected in reduced with deferoxamine 

liver and kidney (and not in spleen, lung, or brain) at 15 min 
post-injection; damage back to control levels at 3 h. 

Micronuclei CBA x C57B1I6J Potassium dichromate was administered as a single i.p. + 0.35 mg Increased response with Paschinand 
hybrid mouse bone injection of 0, 1,5, or 10 mglkg (0.35,1.77, or 3.54 mg Cr(VI)/kg dose and time; peak at 48 h. Toropzev, 1982 
marrow hexavalent chromiumlkg). Bone marrow was sampled 24, 48, No measure of cytotoxicity. 

and 72 hours after treatment for the micronucleus test. 

Micronuclei Slc:ddY mouse Potassium chromate was administered by i.p. injection once a + 10.6 mg Statistically significant Itohand 
bone marrow cells day for 2 consecutive days at doses of 0, 30, 40, and 50 mg/kg Cr(VI)/kg dose-response. O/oPCEs Shimada, 1996 

(0,10.6,14.1, or 17.7 mg hexavalent chromiumlkg). decreased in two highest 
doses only. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions Results Dosea Comments Reference 

Micronuclei NMRI mouse bone Potassium chromate was administered by 2 i.p. injections with + 13 mg Statistically significant, Wild, 1978 
marrow 24 hours between each injection at doses of 0, 12.12, 24.25, or Cr(VI)/kg dose-related increase. 

48.5 mg/kg (0,3.2,6.49, or 13.0 mg hexavalent Cytotoxicity not reported. 
chromiumlkg). 

Micronuclei MS/ Ae and CD-l Potassium chromate was administered by single i.p. doses of + 14.1 mg Dose-response observed. Shindo et aI., 
male mouse bone 0,10,20,40, or 80 mg/kg (0,3.5,7.1,14.1, or 28.3 mg Cr(VI)/kg O/oPCEs only decreased at 1989 
marrow cells hexavalent chromiumlkg). highest dose. 

Micronuclei LacZ transgenic Potassium chromate was administered by an i.p. dose of 0 or + 14.1 mg One dose group. Itohand 
Muta™ male 40 mg/kg once a day for 2 consecutive days (0 or 14.1 mg Cr(VI)/kg Cytotoxicity not reported. Shimada, 1997 
mouse peripheral hexavalent chromiumlkg). 
red blood cells 

Micronuclei MSandddY Potassium chromate was administered by single i.p. doses of + 17.7 mg Dose-response observed. Hayashi et aI., 
mouse bone 0, 12.5,25, or 50 mg/kg (0,4.4,8.8, or 17.7 mg hexavalent Cr(VI)/kg Cytotoxicity not reported. 1982 
marrow cells chromiumlkg). 

Micronuclei BALB!c mouse Potassium dichromate was administered as a single i.p. + (T) 20.8 mg One dose group; Wronska-Nofer 
bone marrow injection at a dose of 0 or 400 !lmol (20.8 mg hexavalent Cr(VI)/kg significantly decreased et al., 1999 

chromiumlkg). o/oPCEs. 

Micronuclei Pregnant Swiss Potassium dichromate was administered as a single i.p. + 50mg No effect on PCEINCE De Flora et aI., 
albino mouse: injection at 0 or 50 mg hexavalent chromiumlkg on day 17 of Cr(VI)/kg ratio (no cytotoxicity). 2006 
bone marrow, pregnancy. Mice were sacrificed on day 18 of pregnancy. 
dams; fetal liver Liver and peripheral blood samples were collected from the 
and peripheral fetuses and bone marrow from the dams. 
blood cells Sodium dichromate dihydrate was administered as a single i.p. + 50mg 

injection at 0 or 50 mg/kg on day 17 of pregnancy. Mice were Cr(VI)/kg 
sacrificed on day 18 of pregnancy and bone marrow cells were 
collected. Liver and peripheral blood samples were collected 
from the fetuses. 

BDF] male mouse Potassium dichromate was administered as single i.p. doses of + 50mg 
bone marrow cells of 0 or 50 mg hexavalent chromiumlkg. Cr(VI)/kg 

Suppressed Mouse tubular Potassium dichromate was given as a single i.p. injection at a + NS No measure of cytotoxicity. Amlacher and 
nuclear DNA renal cells concentration of 15-30% of the LDso (unspecified) in a Rudolph, 1981 
synthesis thymidine incorporation inhibiting screening system; an 

intraperitoneal injection of eH]-thymidine was administered 
15 hours later. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions Results Comments Reference 

Parenteral exposures: rats 

DNA damage, Sprague-Dawley Potassium dichromate was administered i.p. at doses of 2.5,5, + 0.88 mg Abstract only. Patlolla and 
comet assay rat leukocytes 7.5, and 10 mglkg-dfor 5 days (0, 0.88,1.77,2.65, or 3.54 mg Cr(VI)/kg-d Tchounwou, 

hexavalent chromiumlkg-d). Whole blood was sampled at 24, 2006 
48, 72, and 96 hours aftcr trcatmcnt for analysis of lcukocytcs. 

Chromosomal Sprague-Dawley Potassium dichromate was administered i.p. at doses of 2.5,5, + 0.88 mg Statistically significant Patlolla et al., 
aberrations rat bone marrow 7.5, and 10 mglkg-dfor 5 days (0, 0.88,1.77,2.65, or 3.54 mg Cr(VI)/kg-d CAs and MI with positive 2008 

hexavalent chromiumlkg-d). Bone marrow cells were dose-response; increases in 
harvested at the end of the exposure period and measured for MN not observed. 
increases in chromosomal aberrations (CAs), micronuclei 
(MN), and mitotic indices (MI). 

DNA-protein Sprague-Dawley Sodium dichromate was given as a single i.p. injection of + 7mg No measure of cytotoxicity. Tsapalms et al., 
crosslinks male rat lung, 20 or 40 mglkg (7 or 14 mg hexavalent chromiumlkg). No Cr(VI)/kg 1983 

liver, and kidney control group was used in this study. Nuclei from the right 
nuclei renal cortex, the front hepatic lobe, and the whole lung were 

used for analysis. 

Intratracheal instillation and inhalation exposures: mice 

Mutations C57BLl6 Big Blue Potassium dichromate was given as single doses of 0 or 6.75 + 6.75 mg No clinical evidence of Cheng et al., 
mouse lung, mg hexavalent chromiumlkg and allowed 4 wks for gene Cr(VI)/kg toxicity at doses::; 6.75 2000 
kidney, and liver expression. Isolated DNA samples from lung, liver, and mg/kg. 

kidney tissues were used for Lac! gene mutagenesis assay. 
Mutations were detected in mouse lung and kidney tissue, but 
not in liver tissue. Depletion of tissue GSH by pretreatment 
with buthionine sulfoximine decreased the mutagenic 
response, suggesting that reduced GSH plays a role in 
producing reactive intermediates during intracellular reduction 
of chromium (VI). 

Intratracheal instillation and inhalation exposures: rats 

DNA Sprague-Dawley Sodium dichromate was administered as intratracheal + 0.09 mg No measure of cytotoxicity. Izzotti et al., 
alterations rat lung and liver instillations at doses of 0 or 0.25 mglkg for 3 consecutive days Cr(VI)/kg Positive results in lung and 1998 

(0 or 0.09 mg hexavalent chromiumlkg). After the last not liver. 
treatment, lung and livers were removed to analyze for DNA 
fragmentation, DNA-protein crosslinks, and adducts by e2p] 
postlabeling. DNA-protein crosslinks, DNA fragmentation, 
and DNA adducts were detected in lung, but not liver. 
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Table 4-23. In vivo genotoxicity studies of hexavalent chromium in rats and mice 

Endpoint Test system Test conditions 

Chromosomal Sprague-Dawley Rats were exposed to chromium fumes (valence state not 
aberrations, rat bone marrow specified) generated from a plasma flame sprayer and 
sister chromatid cells and chromium metal powders at a concentration of 1.84 mglm3 for 
exchange peripheral 1 wk (5 hours/d, 5 d/wk) or 0.55 mglm3 for 2 mo (5 hours/d, 5 

lymphocytes d/wk). Cytogenetic analysis was performed 20 hours, 3 d, 7 d, 
and 1 mo after the last exposure. Chromosome aberrations and 
sister chromatid exchanges were detected in rat peripheral 
lymphocytes but not in bone marrow cells. 

+ = positive; ± = equivocal or weakly positive; - = negative; NS = not specified; (T) = toxicity 
aLowest effective dose for positive results, highest dose tested for negative results. 

Results Dosea Comments Reference 

+ 1.84 mglm3 Abstract only. Koshi et aI., 
(l-wk 1987 
inhalation 
exposure) 

0.55 mglm3 

(2-mo 
inhalation 
exposure) 

bNTP determined this resultto be equivocal due to a trend test p-value very nearly significant (p = 0.031; a level = 0.025) and a significant response (p = 0.0193) in the 
highest dose group of 87.2 mglL. 
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Table 4-24. In vivo genotoxicity studies of hexavalent chromium in D. melanogaster 

Endpoint Chemical Test system Test conditions Results Dosea Reference 

Gene mutation Calcium chromate D. melanogaster 24-Hr-old males were fed calcium chromate for 72 hours + SOO ppm Zimmering et 
at doses of 0, SOO, or 7S0 ppm. The males were (in diet) al., 1985 
removed and mated. 

Gene mutation Chromic acid D. melanogaster 24-48-Hr-old males were treated by intraperitoneal + 100 ppm Rodriguez-
injection with 0, 100, 200, 300, and 400 ppm potassium (intraperitoneal Amaizand 
dichromate or 0, 100, 200, and 300 ppm chromium injection) Martinez, 1986 
trioxide. The F2 generation of flies was scored for sex-
linked recessive lethal. 

Gene mutation Chromium oxide D. melanogaster 2-3-D-old larvae were fed potassium chromate or + ImM Grafand 
(wing somatic chromium(VI) oxide for 3 d at concentrations of 0, 1, or (in diet) Wurgler, 1996 
mutation) SmM. 

Gene mutation Chromium oxide D. melanogaster 2-3-D-old larvae were fed potassium chromate or - SmM Grafand 
(white-ivory eye chromium(VI) oxide for 2 d at concentrations of 0, 1, or (in diet) Wurgler, 1996 
spot test) SmM. 

Gene mutation Potassium D. melanogaster Larvae were fed the test substance in wing spot test at + O.lmM Amrani et aI., 
chromate concentrations of 0, 0.1, O.S, 1.0, and 2.S mM for the (in diet) 1999 

duration of their development. Surviving 
transheterozygous (mwhlflr3) and inversion 
heterozygous (mwhfTM3) flies were used. 

Gene mutation Potassium D. melanogaster 2-3-D-old larvae were fed potassium chromate or + ImM Grafand 
(wing somatic chromate chromium(VI) oxide for 3 d at concentrations of 0, 1, or (in diet) Wurgler, 1996 
mutation) SmM. 

Gene mutation Potassium D. melanogaster 3-D-old larvae were fed potassium chromate for 6 hours + O.S mM (48 hours) Spano et al., 
chromate at concentrations ranging from 0 to 100 mM or 48 hours (in diet) 2001 

at concentrations ranging from 0 to S.O mM. Marker-
heterozygous and balancer-heterozygous wings from S mM (6 hours) 
adult flies were then examined in the wing somatic (in diet) 
mutation and recombination test (SMART). 

Gene mutation Potassium D. melanogaster 2-3-D-old larvae were fed potassium chromate or - SmM Grafand 
(white-ivory eye chromate chromium(VI) oxide for 2 d at concentrations of 0, 1, or (in diet) Wurgler, 1996 
spot test) SmM. 

Gene mutation Potassium D. melanogaster 3-D-old transheterozygous larvae were fed potassium + O.S mM Kaya et aI., 
dichromate dichromate at 0 or O.S mM and analyzed for multiple (in diet) 2002 

wing hair and flare gene mutations in the Drosophila 
wing SMART. 
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Table 4-24. In vivo genotoxicity studies of hexavalent chromium in D. melanogaster 

Endpoint Chemical Test system Test conditions 

Gene mutation Potassium D. melanogaster Larvae were fed the test substance in wing spot test at 
dichromate concentrations of 0, 0.1, 0.5, 1.0, and 2.5 mM for the 

duration of their development. Surviving 
transheterozygous (mwhlflr3) and inversion 
heterozygous (mwhfTM3) flies were used. 

Gene mutation Potassium D. melanogaster 24-48-Hr-old males were treated by intraperitoneal 
dichromate injection with 0, 100, 200, 300, and 400 ppm potassium 

dichromate or 0, 100, 200, and 300 ppm chromium 
trioxide. The F2 generation of flies was scored for sex-
linked recessive lethal. 

Gene mutation Sodium dichromate D. melanogaster Larvae were treated on filter papers soaked with sodium 
dichromate at doses of 1.17 and 2.34 mM for 6 hours 
and then transferred to vials with substrate. Adult males 
were checked for wild-type pigmented spots in the eyes. 

+ = positive; ± = equivocal or weakly positive; - = negative; NS = not specified; (T) = toxicity 
aLowest effective dose for positive results, highest dose tested for negative results. 
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Results Dosea Reference 

+ O.lmM Amrani et aI., 
(in diet) 1999 

+ 100 ppm Rodriguez-
(intraperitoneal Arnaiz and 
injection) Martinez, 1986 

+ 2.34mM Rasmuson, 
1985 
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Hexavalent chromium-induced mutagenicity has been demonstrated following oral 

exposure. Oral exposure studies evaluating the mutagenicity of hexavalent chromium in tissues 

from the GI tract are of particular relevance in light of the results of the NTP (2008) cancer 

bioassay showing neoplasms of the oral cavity in rats (at 5.9-7.0 mg hexavalent chromium/kg

day) and of the small intestine in mice (at 2.4-3.1 mg hexavalent chromium/kg-day) 

administered sodium dichromate dihydrate in drinking water for 2 years. In studies involving 

gavage administration of hexavalent chromium in mice and rats in vivo, DNA damage has been 

observed in several tissues, including stomach, colon, liver, lung, kidney, bladder, brain, and 

peripheral leukocytes (Wang et aI., 2006; Devi et aI., 2001; Sekihashi et aI., 2001; Coogan et aI., 

1991). 

In ddY mice, positive results were reported for DNA damage as measured by the comet 

assay in the stomach and colon following gavage administration of a single high dose of 

hexavalent chromium (85.7 mg hexavalent chromium/kg) (Sekihashi et aI., 2001). This dose is 

at least 12-fold greater than chronic dosages associated with oral and GI neoplasms in rats and 

mice (NTP, 2008), although no concurrent cytotoxicity was found. Data on the potential for 

DNA damage in cells of the GI tract at lower oral doses (e.g., those in the range of the NTP 

[2008] bioassay) are not available. 

Devi et ai. (2001) observed DNA damage via the comet assay in mouse leukocytes 

following an oral dose as low as 0.21 mg/kg, an effect that increased with dose up to 9.5 mg/kg 

and did not cause a decrease in cell viability. Similarly, Wang et ai. (2006) found a dose

dependent increase in DNA damage in peripheral lymphocytes using the comet assay that was 

found to persist for 5 days post-exposure and was accompanied by a significant increase in 

reactive oxygen species and apoptosis in the liver. Sekihashi et ai. (2001) found comet damage 

in mouse stomach, colon, liver, kidney, bladder, lung, and brain following a single gavage dose 

of 85.7 mg/kg. These effects were not accompanied by cytotoxicity, although it is unknown 

whether a response to dose would have occurred. 

Three drinking water exposure studies of hexavalent chromium in mice and rats have 

yielded positive results for the induction of chromosomal damage. Coogan et ai. (1991) 

observed DNA-protein crosslinks in rat liver following 3- and 6-week exposures that were not 

accompanied by cytotoxicity. In another drinking water study in a strain of mice containing a 

mutation allowing for visual representation of chromosome deletions in the form of eye spots in 

the offspring of exposed pregnant females, exposures to 62.5 mg/L of hexavalent chromium 

from 10.5 to 20.5 days postcoitum resulted in a significant level of DNA deletions in 20-day old 

offspring that increased with dose and was not accompanied by cytotoxicity (Kirpnick-Sobol et 

aI., 2006). Statistically significant increases in chromosomal damage (as indicated by 

micronuclei formation) with a significant dose-response was observed in peripheral RBCs of one 

strain of mice (am3-C57BL/6) exposed to 2': 43.6 mg hexavalent chromium/kg-day as sodium 

dichromate dihydrate in drinking water for 3 months, but not in BALB/c mice at daily doses up 
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to 87.2 mg hexavalent chromium/kg-day (NTP, 2007). The B6C3F1 strain of mice used in the 2-

year NTP bioassay (NTP, 2008) was also tested for micronucleus formation; the first test was 

negative, but the second test showed a nearly significant positive trend for micronucleus 

formation. These results were considered equivocal overall because the trend test p-value of 

0.031 was close in value to the designated alpha level of 0.025 used in this study (compared to 

the typical alpha level of 0.05). 

Other studies have reported negative results in bone marrow or peripheral blood cells 

following oral exposures (NTP, 2007; De Flora et aI., 2006; Mirsalis et aI., 1996; Shindo et aI., 

1989). One study investigated tissues in mice identified by the NTP bioassay (2008) as having 

significant hexavalent chromium-induced tumors and reported negative results for oxidative 

DNA damage and DNA-protein crosslinks in cells of the forestomach, glandular stomach, and 

duodenum of female SKH-1 mice administered drinking water containing 5 or 20 mg hexavalent 

chromium/L (approximately equivalent to 1.20 and 4.82 mg hexavalent chromium/kg-day, 

respectively) as sodium dichromate dihydrate for 9 months (De Flora et aI., 2008). It is worth 

noting the absence of positive findings in De Flora et ai. (2008) given that the highest dose 

evaluated in this study is slightly less than chronic dosages associated with neoplasms of the oral 

cavity in rats (5.9-7.0 mg hexavalent chromium/kg-day), and slightly greater than those 

associated with neoplasms of the small intestine in mice (2.4-3.1 mg hexavalent chromium/kg

day) (NTP, 2008). No oral exposure studies on the potential clastogenic activity of hexavalent 

chromium in rat tumor target tissue (oral mucosa) were identified. Although the NTP (2007) 3-

month drinking water study evaluated micronuclei formation in peripheral RBCs of mice (with 

positive results in the am3-C57BLl6 strain and equivocal results in the B6C3F 1 strain), 

mutagenic effects of hexavalent chromium exposure in GI tissues were not evaluated in this 

study. 

Results of parenteral exposure studies are uniformly positive for hexavalent chromium

induced mutagenicity. Following parenteral exposure, DNA damage has been observed in 

numerous tissues, including peripheral lymphocytes, stomach, colon, liver, kidney, bladder, lung, 

and brain (Patlolla and Tchounwou, 2006; Sekihashi et aI., 2001; Ueno et aI., 2001); mutations 

have been observed in liver (Knudsen, 1980); and chromosomal damage (micronuclei) has been 

observed in peripheral RBCs and bone marrow (De Flora et aI., 2006; Itoh and Shimada, 1997; 

Shindo et aI., 1989; Hayashi et aI., 1982; Wild, 1978). 

Mutagenic activity of hexavalent chromium has also been demonstrated in lung cells of 

animals following intratracheal exposure. DNA damage (DNA fragmentation, DNA-protein 

crosslinks, and DNA adducts) was reported in lung cells of Sprague-Dawley rats administered 

0.09 mg hexavalent chromium/kg by intratracheal instillation for 3 days (Izzotti et aI., 1998) and 

mutations were reported in lung cells of C57BLl6 mice administered a single intratracheal dose 

of7.65 mg hexavalent chromium/kg. Results of these studies are relevant to occupational 

exposure studies showing increased respiratory tract cancers in hexavalent chromium workers 
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(see Section 4.4.1.2). No inhalation or intratracheal exposure studies on the potential c1astogenic 

activity of hexavalent chromium in respiratory tract cells were identified. Chromosomal damage 

(chromosome aberrations and sister chromatid exchange) was observed in peripheral 

lymphocytes, but not bone marrow, of Sprague-Dawley rats exposed to chromium fumes for 

1 week (1.84 mg/m3
) or 2 months (0.55 mg/m3

) (Koshi et aI., 1987). 

4.5.1.2. Genotoxicity Studies in Humans 

In addition to mutagenicity evaluations in experimental systems, several studies have 

evaluated mutagenicity in humans occupationally exposed to hexavalent chromium; 

experimental details and citations are summarized in Table 4-25. Data from available 

mutagenicity studies in exposed workers are limited to assessments of tissues with easy 

accessibility (e.g., circulating lymphocytes and buccal and nasal mucosal cells). Data on 

mutagenicity in cancer target tissues (e.g., lung and GI tract) are not available. Available data 

provide some evidence of hexavalent chromium-induced mutagenicity in occupationally exposed 

humans, although results of studies in workers have yielded mixed results. In general, 

associations between hexavalent chromium exposure and mutagenicity in workers are uncertain 

because exposure levels were often not quantified or estimated, past exposure history was not 

well characterized in all studies, small numbers of workers were evaluated, and/or workers were 

potentially co-exposed to other compounds with mutagenic activity. 
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Table 4-25. In vivo genotoxicity studies in humans exposed to hexavalent chromium 

Exposure type 
Endpoint (chemical form) Cell type Test conditions Results Exposure levela Reference 

DNA strand Occupational, Human Nineteen chromium plating workers in Italy (mean employment of + NS Gambelunghe 
breaks chromium plating peripheral 6.3 yrs) and two groups of control subjects (18 hospital workers et al., 2003 

(chromic acid) lymphocytes and 20 university personnel) gave pre- and postshift urine samples 
and blood samples for analysis in the comet assay. Duration of 
employment ranged from 4 mo to 14 yrs with a mean duration of 
6.3 yrs. Mean chromium concentrations in urine were determined 
to be 5.29 !1g!g creatinine (pre shift) and 7.31 !1g/g creatinine 
(postshift). Mean erythrocyte and lymphocyte concentrations in 
the exposed workers were 4.94 !1g/L and 50.3 !1g/l012cells, 
respectively. Air concentrations of chromium were not reported. 

DNA strand Occupational, Human Urine and blood samples were taken from 10 exposed workers and - 0.001-0.055 mg Gao et al., 1994 
breaks, production of peripheral 10 nonexposed workers at the end of a workweek at a bichromate hexavalent 
hydroxylation of dichromate lymphocytes production plant in England. The mean duration of exposure was chromiumlm3 

deoxyguanosine (included exposure 15 yrs. Chromium concentrations in the factory ranged from (measured 
to chromic acid, 0.001 to 0.055 mg hexavalent chromiumlm3 (obtained from exposure range) 
potassium personal and area samplers). Mean chromium concentrations in 
dichromate and urine (5.97 !1g!g creatinine), whole blood (5.5 !1g!L), plasma 
sodium (2.8 !1g/L), and lymphocytes (1.01 !1g/1010 cells) of exposed 
dichromate) workers were significantly higher than in nonexposed workers. 

DNA-protein Experimental oral Human Four adult volunteers ingested a single bolus dose of 5,000 !1g - 71 !1g hexavalent Kuykendall et 
crosslinks exposure peripheral hexavalent chromium as potassium dichromate (approximately chromium/kg aI., 1996 

(potassium lymphocytes equivalent to 71 !1g hexavalent chromium/kg, assuming a body 
dichromate) weight of 70 kg). Blood samples were collected at 0, 60, 120, 

180, and 240 mins after ingestion. Preingestion background 
DNA-protein crosslink levels for each individual served as the 
controls. 

Chromosome Occupational, Human Blood from seven chromium electroplating workers at a Chinese + 8.1 !1g Deng et aI., 
aberrations, sister chromium peripheral electroplating facility (mean employment period of 12.8 yrs) and chromiumlmm3b 1988 
chromatid electroplating lymphocytes 10 control subjects were analyzed. Air samples from the 
exchanges (chemical not electroplating room were collected, along with stool and hair 

specified) samples to determine exposure. The mean chromium (total) air 
concentration (by random air collection) was 8.1 !1g!mm3

, the 
mean chromium concentration in stool samples was 8.5 !1g/g stool, 
and the mean chromium concentration in hair was 35.68 !1g!g. 
The valence of chromium that workers were exposed to was 
unspecified. 
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Table 4-25. In vivo genotoxicity studies in humans exposed to hexavalent chromium 

Exposure type 
Endpoint (chemical form) Cell type Test conditions Results Exposure levela Reference 

Sister chromatid Occupational, Human whole Thirty-five chromium electroplating factory workers employed at + 5.99 mg Wu et aI., 2001 
exchanges chromium blood cells three electroplating plants in Tawain and 35 control subjects gave hexavalent 

electroplating blood samples to analyze the frequency of sister chromatid chromium/m3 

(chemical not exchange. Exposure duration ranged from 2 to 14 yrs with a mean 
specified) of6.5 yrs. Mean chromium exposure (determined by personal 

monitoring samplers) was 5.99 mg hexavalent chromium/m3. The 
mean urinary chromium concentration of the exposed workers was 
3.67 !1g/g creatinine. 

Chromosomal Occupational, Human Thirty-eight male chromium plating factory workers in Italy were + NS Sarto et al., 
aberrations, sister chromium plating peripheral examined for urinary concentrations of chromium and 1982 
chromatid (chromic acid) lymphocytes chromosomal aberrations and sister chromatid exchanges. 
exchanges Chromium exposure levels were not reported. There were 

35 unexposed control individuals. 

Sister chromatid Occupational, Human The frequency of sister chromatid exchanges was determined in + NS Stella et al., 
exchanges chromium plating peripheral lymphocytes from 12 chromium plating workers in Italy and 1982 

(chromic acid lymphocytes 10 control subjects. Exposure durations ranged from 0.5 to 18 yrs 
fumes) (mean exposure duration was not reported). Hexavalent 

chromium exposure levels and blood concentrations were not 
reported. 

Sister chromatid Occupational, Human Thirty-five chromium electroplating factory workers in Taiwan + NS Wu et aI., 2000 
exchanges chromium peripheral and 35 control subjects (matched for age and gender) gave blood 

electroplating lymphocytes samples to determine sister chromatid exchange frequency. The 
(chemical not mean duration of employment was 6.5 yrs. Exposure 
specified) concentrations were not reported. 

Chromosomal Occupational, Human Blood samples and buccal mucosal cells from 15 Bulgarian - Results reported Benova et aI., 
aberrations, sister chromium plating peripheral chromium platers occupationally exposed were taken; exposure for combined 2002 
chromatid (chemical not lymphocytes was estimated with personal air samplers and in urine samples. groups (0.0075 and 
exchanges specified) and buccal Control subjects were matched with exposed individuals. 0.0249 mg 

mucosal cells Duration of exposure ranged from 2 to >20 yrs; mean duration of chromium/m3) 
exposure was not reported. Mean air concentration of total 
chromium was 0.0075 mg chromium/m3 in the low-exposure 
group and 0.0249 mg chromium/m3 in the high-exposure group 
(number of workers in each exposure group was not reported). 
Mean concentrations of chromium in urine were 18.63 !1g!L (low) 
and 104.22 !1glL (high) 
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Table 4-25. In vivo genotoxicity studies in humans exposed to hexavalent chromium 

Exposure type 
Endpoint (chemical form) Cell type Test conditions Results Exposure levela Reference 

Sister chromatid Occupational, Human Venous blood and urine sample were collected from 12 male - NS Nagaya et al., 
exchanges chromium plating peripheral chromium platers in Japan over a 5-yr period. No control subjects 1991 

(chemical not lymphocytes were used in this study. Employment duration ranged from 6.6 to 
specified) 25.1 yrs, with mean employment duration of 15.5 yrs. Exposure 

concentrations were not reported. Urinary chromium 
concentrations ranged from 1.2 to 57.0 !1g/g with a mean urinary 
chromium concentration of 17.9 !1g!g creatinine. Sister chromatid 
exchange frequency in lymphocytes was determined in blood-
urine paired samples. 

Sister chromatid Occupational, Human Venous blood and urine sample were collected from 24 male - NS Nagaya, 1986 
exchanges chromium plating peripheral chromium platers in Japan and 24 control subjects. Duration of 

(chemical not lymphocytes employment ranged from 0.5 to 30.5 yrs with a mean employment 
specified) of 11.6 yrs. Exposure concentrations were not reported. The 

mean concentration of chromium in the urine was 13.1 !1g!L. 

Micronuclei Occupational, Human Forty electroplating workers in Bulgaria and 18 control subjects + 0.043 and Vaglenov et al., 
chromium peripheral gave blood samples to analyze for the frequency of micronuclei. 0.083 mg 1999 
electroplating lymphocytes The workers were split into two groups based on levels of chromiumlm3 

(chemical not exposure. Mean air chromium (total) concentrations were 43 and 
specified) 83 !1g!m3 in the low- and high-exposure groups, respectively. 

Duration of employment ranged from 4 to 25 yrs with mean 
durations of 10.44 and 11.63 yrs in the low- and high-exposure 
groups, respectively. Mean chromium concentrations in 
erythrocytes and urine of the low-exposure group were 4.31 and 
3.97 !1g/L, respectively. The mean chromium concentrations in 
erythrocytes and urine of the high-exposure group were 8.4 and 
5.0 !1g/L, respectively. 

Micronuclei Occupational, Human Blood samples and buccal mucosal cells from 15 Bulgarian + Positive results Benova et aI., 
chromium plating peripheral chromium platers occupationally exposed were taken. Exposure reported for 2002 
(chemical not lymphocytes was estimated with personal air samplers and in urine samples. combined groups 
specified) and buccal Control subjects were matched with exposed individuals. (0.0075 and 0.0249 

mucosal cells Duration of exposure ranged from 2 to >20 yrs; mean duration of mg chromiumlm3
) 

exposure was not reported. Mean air concentration of total 
chromium was 0.0075 mg chromiumlm3 in the low-exposure 
group and 0.0249 mg chromiumlm3 in the high-exposure group. 
Mean concentrations of chromium in urine were 18.63 (low) and 
104.22 !1g!L (high). 
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Table 4-25. In vivo genotoxicity studies in humans exposed to hexavalent chromium 

Exposure type 
Endpoint (chemical form) Cell type Test conditions Results Exposure levela Reference 

Micronuclei Occupational, Human Sixteen exposed Italian electroplating factory workers and - NS Sarto et al., 
chromium plating buccal and 27 unexposed control subjects gave samples of exfoliated buccal 1990 
(chromic acid) nasal cells and nasal swabs. Duration of exposure ranged from 0.5 to 23 yrs 

with a mean duration of 8 yrs. Urine samples were collected at the 
end of work days to determine chromium exposure. Urinary 
chromium concentrations ranged from 2.5 to 88 !1g/g creatinine; 
the mean urinary chromium concentration was not reported. 
Chromium levels in air were not determined. 

a All exposure levels associated with positive results, highest exposure level for negative results. 
bThe exposure level of 8.1 !1g chromiumlmm3 is as reported by Deng et al. (1988); however, this appears to be a reporting error, as this concentration is equivalent to 
8,100,000 mg chromiumlm3

. 

+ = positive; - = negative; NS = not specified 
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In a comet assay in Italian chrome platers, positive results were reported for DNA strand 

breaks in peripheral lymphocytes; although urine chromium concentrations were determined, 

hexavalent chromium exposure levels were not reported (Gambelunghe et aI., 2003). However, 

no DNA damage was observed in peripheral lymphocytes in dichromate production workers 

exposed to 0.001-0.055 mg hexavalent chromium/m3 (Gao et aI., 1994) or in volunteers 

ingesting single oral doses of71 Ilg hexavalent chromium/kg (Kuykendall et aI., 1996). In 

chrome electroplaters, chromosome aberrations and sister chromatid exchanges were observed in 

whole blood of workers exposed to relatively high concentrations estimated at 5.99 mg 

hexavalent chromium/m3 (Wu et aI., 2001). However, chromosome aberrations and sister 

chromatid exchanges in peripheral lymphocytes from chrome platers were not observed at lower 

exposure levels (0.0075 and 0.0249 mg chromium[total]/m3
) (Benova et aI., 2002). Other studies 

reporting positive (Wu et aI., 2000; Sarto et aI., 1982; Stella et aI., 1982) or negative (Nagaya et 

aI., 1991; Nagaya, 1986) results for chromosome aberrations or sister chromatid exchanges in 

peripheral lymphocytes of workers did not report hexavalent chromium exposure levels. 

Micronuclei formation in peripheral lymphocytes was also observed in chrome platers at 

exposure levels of 0.043-0.083 mg chromium(total)/m3 (Vaglenov et aI., 1999) and 0.0075-

0.0249 mg chromium(total)/m3 (Benova et aI., 2002). In buccal mucosal cells collected from 

chrome platers, micronuclei formation was increased at exposure levels of 0.0075-0.0249 mg 

chromium(total)/m3
, although chromosome aberrations and sister chromatid exchanges were not 

observed (Benova et aI., 2002). Sarto et ai. (1990) reported negative results for micronuclei in 

buccal and nasal cells of chrome platers, but exposure levels were not reported. 

In summary, results of available studies in hexavalent chromium-exposed workers 

provide some evidence of the mutagenic activity of hexavalent chromium in occupationally 

exposed humans, but results have not been consistent across studies and endpoints. For example, 

associations with increased micronuclei in peripheral lymphocytes or buccal mucosal cells have 

been reported in chrome platers at estimated exposure levels as low as 0.0075-0.0249 mg 

chromium(total)/m3 (Benova et aI., 2002; Vaglenov et aI., 1999), although chromosome 

aberrations and sister chromatid exchanges were not observed (Benova et aI., 2002). In contrast, 

increased frequencies of chromosome aberrations and sister chromatid exchanges were observed 

in another group of chrome platers exposed to higher concentrations estimated at 5.99 hexavalent 

chromium/m3 (Wu et aI., 2001). 

4.5.2. Intracellular Reduction 

The mutagenic effects of hexavalent chromium are contingent upon its reduction within 

the cell. Extracellularly, soluble hexavalent chromium exists as a chromate oxyanion. The 

tetrahedral arrangement of the oxygen groups makes it structurally similar to phosphate and 

sulfate, allowing it to easily be taken up by the nonspecific phosphate/sulfate anionic transporters 

and cross the cell membrane (Zhitkovich, 2005). This method of cellular uptake also allows an 
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accumulation of chromium in the cell at concentrations much higher than that found 

extracellularly (Zhang et aI., 2002). Chromium in its hexavalent state is thermodynamically 

stable in pure water, and is not reactive with DNA at physiological concentrations. However, 

hexavalent chromium is a strong oxidizer, and once inside the cell, it can undergo rapid 

reduction. This is most often mediated by the nonenzymatic reductants ascorbate (vitamin C) 

and low molecular weight thiols including GSH and cysteine. Other potential reductants include 

cytochrome P450 reductase, NAD(P)H-dependent flavoenzymes, and mitochondrial electron 

transport complexes (O'Brien et aI., 2003; Sugden and Stearns, 2000; Standeven and 

Wetterhahn, 1989). 

The hexavalent chromium-reductant substrate complexes that are formed upon 

intracellular interaction of hexavalent chromium with these reductants are considered the first 

step in the reduction process, although the actual mechanisms of how these reactions proceed are 

unknown (Levina and Lay, 2005). There are two theorized pathways for the intracellular 

reduction of hexavalent chromium. When reductants are present in abundance, the process can 

occur with a two-electron reduction to tetravalent chromium, immediately followed by a one

electron reduction to trivalent chromium. !flower levels of reduct ants are available, the first step 

of this process will occur as two distinct one-electron transfers, producing the intermediates, 

pentavalent and tetravalent chromium, and ultimately trivalent chromium (O'Brien et aI., 2003). 

Either process can produce oxidative states of chromium localized within the cell that are able to 

damage DNA directly, forming DNA adducts and subsequent DNA breakage. These chromium 

species can also indirectly cause genetic damage via associated radical species derived from the 

reductants that can be involved in secondary DNA damage (Sugden and Stearns, 2000) and 

disruption of DNA replication. 

Final reduction product: trivalent chromium. Trivalent chromium is the ultimate 

product of hexaval ent chromium reducti on wi thin the cell. It contains six coordinati on sites, 

allowing it to form stable complexes with amino acids, proteins, RNA, and DNA. In vitro 

studies of the kinetics of chromium-DNA binding have shown that most of the DNA binding 

occurs within 1 hour of incubation (Quievryn et aI., 2003). When hexavalent chromium is 

reduced by ascorbate or cysteine in the presence of the trivalent chromium chelator, EDTA, the 

mutagenic response is all but eliminated and very little chromium-DNA binding is detected, 

indicating that the trivalent state is the most DNA reactive of all the valence states of chromium 

(O'Brien et aI., 2003; Quievryn et aI., 2003; Zhitkovich et aI., 2001). Several types of 

chromium-DNA adducts have been detected following the intracellular reduction of hexavalent 

to trivalent chromium. 

DNA -peptide/amino acid ligand-trivalent chromium crosslinks. Trivalent chromium 

can form ternary DNA crosslinks with GSH, ascorbate, cysteine, and histidine. Although the 

ascorbate-trivalent chromium-DNA adducts are recovered less frequently in vitro due to the low 

concentrations of vitamin C present in commonly used tissue culture media (Zhitkovich, 2005), 
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these adducts have been shown to be the most mutagenic of all the ternary adducts (Quievryn et 

aI.,2003). These ternary adducts form by the attachment of trivalent chromium (in a binary 

complex with the ligand) to phosphate groups in DNA (Zhitkovich et aI., 1995), primarily 

through coordinate covalent binding or electrostatic/ionic interactions (O'Brien et aI., 2003) 

(Figure 4-1). They have been detected in vitro in Chinese hamster ovary cells following 

exposure to hexavalent chromium, and account for up to 50% of all chromium-DNA adducts. 

The ternary adducts have been found to cause mutagenic and replication-blocking lesions in 

human fibroblasts in vitro (Quievryn et aI., 2003; Voitkun et aI., 1998). 

DNA 

OH 
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""'- / H 0 

o / ""'- H ~N NH 
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O=~-O L <7 I ~\ 
o 0 N N~NH2 
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Hexavalent chromium, when reduced intracellularly to trivalent chromium, can 
form ternary DNA crosslinks with the peptide or amino acid ligand (L) involved 
in the reduction. Here, chromium (III) directly coordinates to the 5' -phosphate in 
the DNA backbone and forms a hydrogen bond with the N-7 of deoxyguanosine. 

Source: Zhitkovich (2005). 

Figure 4-1. Ternary DNA adduct formation by chromium. 

DNA-trivalent chromium crosslinks. Reduction of hexavalent chromium in vitro 

produces a large proportion of binary trivalent chromium-DNA adducts, but these have not been 

detected in vivo. It has been theorized that the formation of the ternary adducts described above 

occurs far more frequently due to the high concentration of ligands capable of complexing with 

trivalent chromium before it can bind to DNA (Zhitkovich, 2005). In addition, these adducts 
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have been found to be less mutagenic than the ternary adducts in vitro (Quievryn et aI., 2003; 

Zhitkovich et aI., 2001). 

DNA-protein crosslinks. These bulky lesions have been detected in hexavalent 

chromium-treated cells in vitro in Chinese hamster ovary cells (Costa, 1991) and in vivo in chick 

embryos (Hamilton and Wetterhahn, 1986). They are not detected in the presence of the 

trivalent chromium chelator, EDTA, indicating that trivalent chromium is the species involved in 

their formation (Miller and Costa, 1989). It has been recently shown that the mechanism 

forming DNA-protein crosslinks induced by hexavalent chromium requires intracellular 

reduction to trivalent chromium, formation of DNA-trivalent chromium adducts, and subsequent 

capture of proteins by the DNA bound to trivalent chromium (Macfie et aI., 2010). Tests for the 

mutagenicity of these crosslinks have proved inconclusive (reviewed in Macfie et aI., 2010), but 

the bulkiness of these lesions indicates the potential for genotoxicity resulting from replication 

fork stalling (Costa, 1991). 

DNA-DNA crosslinks. These inter- or intra-strand DNA crosslinks are likely formed by 

oligomers of trivalent chromium. They have been detected following hexavalent chromium 

exposure, although only when the reductants are ascorbate or cysteine, and not GSH (Zhitkovich, 

2005). However, these adducts have only been detected in vitro and are not expected to form in 

significant amounts in vivo; the high intracellular concentrations of ligands available to form 

complexes with trivalent chromium make it unlikely that these oligomers would have a chance to 

form (Salnikow and Zhitkovich, 2008). 

Repair of chromium-DNA adducts. Repair processes have been shown to be effectively 

carried out by excision repair (ER), a DNA repair mechanism responsible for removal of bulky 

DNA lesions. Exposing nucleotide excision repair (NER)-deficient human cells to hexavalent 

chromium was shown to induce apoptosis and clonogenic cell death. The most efficient 

substrates for this repair process are lesions that create major distortions in the DNA structure. 

Chromium-DNA adducts do not create major helix distortions, but their bulkiness makes them 

adequate substrates for NER, although they are less efficiently removed than optimal NER 

substrates such as UV light-induced lesions (Reynolds et aI., 2004). Interestingly, it has also 

been shown that proficient ER systems, including both nucleotide and base excision repair (NER 

and BER), are involved in genomic instability resulting from hexavalent chromium exposure. In 

a study by Brooks et ai. (2008), cell lines deficient in these repair mechanisms were protected 

from hexavalent chromium-induced chromosomal instability. 

Another closely related repair mechanism, mismatch repair (MMR), is responsible for the 

correction of errors in DNA replication. MMR enzymes recognize misincorporated bases during 

DNA replication and homologous recombination, and repair single base mispairings and small 

insertions or deletions. However, MMR has also been shown to be a causative factor in many of 

the toxic and genotoxic effects of hexavalent chromium, when processing the repair of the bulky 

lesions formed by chromium lead to the formation of DNA double-strand breaks (Peterson-Roth 
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et aI., 2005). In this study, mouse and human cell lines deficient in MMR exposed to hexavalent 

chromium had greatly increased clonogenic survival due to a diminished apoptotic response as 

compared to MMR-proficient cells. The apoptotic response in the MMR-proficient cells was 

preceded by a significant induction of DNA double-strand breaks, indicated by an increased 

formation of gamma-H2AX foci. These discrete foci form when phosphorylation of this histone 

H2A variant occurs in response to DNA double-strand breaks, and can be visualized and 

quantified by immunofluorescence. This increase in gamma-H2AX foci was not detected at 

significant levels until 6 hours postexposure to hexavalent chromium, suggesting that the DNA 

double-strand breaks were not induced directly by hexavalent chromium, but rather from 

processing of the damaged DNA. These foci also co-localized with cyclin B 1 staining, 

indicating the breaks occurred in the G2 phase of the cell cycle and providing evidence that 

passage through S phase, where MMR would be taking place, was necessary for the induction of 

this damage (Salnikow and Zhitkovich, 2008). The mechanism of this toxic response mediated 

by MMR proteins is unknown, but has been theorized to involve the futile repair of damaged 

bases or the initiation of a stress response (Peterson-Roth et aI., 2005). 

Cellular effects. Genomic instability, defined as an increased rate of acquisition of 

alterations in the genome, is a hallmark of tumorigenesis and may be instrumental in hexavalent 

chromium-induced carcinogenicity. The loss ofMMR function leads to an unstable mutator 

phenotype, in which replication errors, particularly those occurring in simple nucleotide repeat 

sequences known as microsatellites, are not corrected, leading to an increase in mutation 

frequency (Loeb et aI., 2008). Further, chromosomal instability has been demonstrated in human 

lung cells in vitro exposed to particulate hexavalent chromium. Following chronic exposures, 

Holmes et ai. (2010) found concentration- and time-dependent increases in aneuploidy as the 

result of centrosome amplification and spindle assembly checkpoint bypass. Thus, genomic 

instability may result after prolonged exposure to hexavalent chromium. 

As mentioned above, apoptosis, or programmed cell death, has been observed in cells 

exposed to hexavalent chromium as a response to extensive DNA damage that cannot be 

adequately repaired by the cell. Ye et ai. (1999) found hexavalent chromium induced apoptosis 

in human lung epithelial cells exposed to doses ranging from 75 to 300 11M in vitro; the authors 

theorized that this response involved reactive oxygen species formed both directly during the 

process of hexavalent chromium reduction and indirectly through the induction ofp53. 

Similarly, Wang et ai. (2006) measured significant levels of apoptosis in liver and not kidney in 

mice exposed to daily gavage doses of 0, 25,50, or 100 mg/kg hexavalent chromium for 1 or 5 

days. The apoptosis was accompanied by an increase in ROS and dose-dependent increases in 

DNA damage, SOD, and catalase. Flores and Perez (1999), using doses close to the ICso values, 

observed apoptosis concurrent with DNA interstrand crosslinks and DNA single-strand breaks in 

murine keratinocytes transformed with the H-ras oncogene. These studies indicate that multiple 
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mechanisms induced by hexavalent chromium exposure, including oxidative stress and DNA 

binding, can lead to cell death. 

In addition to the effects involving DNA repair mechanisms is the finding that hexavalent 

chromium, after intracellular reduction to the +3 oxidation state, can interfere with normal DNA 

replication and transcription processes. Intracellular trivalent chromium has been shown to 

inhibit the enzymatic activity of DNA polymerases, simultaneously increasing the rate of 

replication and the processivity of the DNA polymerase, thereby decreasing its fidelity and 

causing more frequent errors, with a dose-dependent increase in mutation frequency in vitro 

(Snow, 1991). There can also be replication arrest as a result of the bulky chromium-DNA 

lesions, creating a physical obstruction to the progression of DNA polymerases (Bridgewater et 

aI., 1998). These effects were recently confirmed in a study utilizing the DNA synthesome, an in 

vitro DNA replication model system that is fully competent to carry out all phases of the DNA 

replication process mediated by human cells (Dai et aI., 2009). This study found a reduction of 

the fidelity and an inhibition of DNA synthesis that led to a dose-dependent increase in mutation 

frequency following intracellular exposure to trivalent chromium. Thus, hexavalent chromium 

can lead to the disruption of DNA synthesis and gene transcription at multiple levels, 

corresponding to an observable, dose-dependent increase in mutation frequency in human cells. 

Epigenetic effects have also been observed following hexavalent chromium exposure. 

Epigenetic modifications, defined as heritable changes in gene expression that occur without 

altering the genetic material (Sharma et aI., 2010), can drive malignant cellular transformation. 

These modifications can effect methylation, phosphorylation, gene expression, and cell signaling 

(Holmes et aI., 2008). Cellular signaling involved in cell survival may be affected; a study 

exposing human bronchial epithelial cells in vitro found that soluble hexavalent chromium could 

inhibit apoptosis via NF-kB activation and inhibition ofp53 (Wang et aI., 2004). DNA repair 

has also been shown to be sensitive to epigenetic modifications. In a study finding microsatellite 

instability in hexavalent chromium-induced lung tumors of chromate-exposed workers (Hirose et 

aI., 2002), increased DNA methylation was observed in the promoter region of the tumor 

suppressor gene p16 and the MMR gene hMLH1, indicating that chromium can induce 

epigenetic effects (Kondo et aI., 2006; Takahashi et aI., 2005). Gene transcription has also been 

shown to be affected by exposure to hexavalent chromium in vitro via epigenetic mechanisms. 

Sun et ai. (2009) found alterations in the levels of histone methylation in human lung A549 cells 

exposed to hexavalent chromium, indicating the capability of these exposures to lead directly to 

changes in gene expression. This evidence suggests that epigenetic effects may contribute to the 

carcinogenicity of hexavalent chromium and its reduced valence states once inside the cell. 

Reduction intermediates: pentavalent and tetravalent chromium. Depending on the 

reductant involved and the concentration of hexavalent chromium present, various amounts of 

the unstable intermediates pentavalent and tetravalent chromium can be generated prior to 

reduction to the final stable oxidative +3 state. At lower levels of hexavalent chromium 
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exposure, intracellular concentrations of these reductants are sufficient to complete the reduction 

of hexavalent chromium to its trivalent state. However, at higher hexavalent chromium 

exposures, these levels are depleted, resulting in a higher yield of pentavalent chromium from the 

one-electron reducing thiols, GSH, and cysteine, as well as tetravalent chromium from the two

electron donating ascorbate. While pentavalent and tetravalent chromium can be short-lived 

states of chromium within the cell, they are DNA reactive and can participate in redox reactions, 

forming free radical species that can also damage DNA (Steams and Wetterhahn, 1994). 

Redox cycling of the chromium ions can occur intracellularly when they are formed 

during reduction of hexavalent chromium. The process of hexavalent chromium reduction by 

GSH is accompanied by the reduction of molecular oxygen, yielding superoxide radicals. 

Reduction by GSH has been shown to involve the formation of GSH-derived thiyl radicals that 

can directly damage DNA or react with other thiols to also generate superoxide radicals. These 

radical species will react with hydrogen peroxide to produce hydroxyl radicals via Haber-Weiss 

reactions (Shi et aI., 1999). Both hydrogen peroxide and superoxide radicals can participate in 

redox reactions involving both the pentavalent and tetravalent transition states of chromium that 

can generate hydroxyl radicals via Fenton and Haber-Weiss reactions (Shi et aI., 1999). 

Hydroxyl radicals can directly react with genetic material, forming DNA-protein crosslinks, and 

DNA adducts with proteins and amino acids, damaging DNA bases, and producing DNA single

and double-strand breaks (reviewed in Kasprzak, 1996). 

Although less frequent than the low molecular weight nonenzymatic reductants, 

reduction of hexavalent chromium can also occur by NAD(P)H-dependent flavoenzymes, 

including GSH reductase, lipoyl dehydrogenase, and ferredoxin-NADP+ oxidoreductase (Shi 

and Dalal, 1990). These enzymes catalyze a one-electron reduction that can result in the 

formation of stable pentavalent chromium-NADPH complexes that can react with hydrogen 

peroxide to generate hydroxyl radicals (Shi et aI., 1999). The ability to form complexes with 

biological ligands allows stabilization of pentavalent, but not tetravalent, chromium 

intermediates (Levina and Lay, 2005). These pentavalent chromium-NADPH complexes have 

been shown to form in vitro inE. coli (Shi et aI., 1991) and in vivo in mice (Liu et aI., 1995). 

Two other important nonenzymatic reducers of hexavalent chromium are ascorbate and 

cysteine. Ascorbate and cysteine are present at lower concentrations intracellularly than GSH, 

but they have kinetically faster rates of hexavalent chromium reduction. Ascorbate has been 

shown to yield pentavalent and tetravalent chromium and radical species when the intracellular 

ratio of ascorbate to chromium is <3:1 (Steams and Wetterhahn, 1994). The precise nature of the 

radical species relevant to DNA damage is not known, however, and the degree of damage 

attributable to oxidative mechanisms is the subj ect of much debate. One study found an increase 

in mutations and replication-blocking DNA lesions in human fibroblasts resulting from the 

ascorbate-driven reduction of hexavalent chromium, but concluded that the mechanism 

responsible did not involve oxidative radicals, in part because the DNA damage anticipated by 
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species including hydroxyl radicals and pentavalent chromium-peroxo complexes, namely abasic 

sites and strand breaks was not observed (Quievryn et aI., 2003). This study also found that no 

mutagenesis occurred in the presence of a trivalent chromium chelator, indicating the 

involvement of trivalent chromium-DNA adducts (see previous section). Similarly, studies of 

the DNA damage resulting from the intracellular reduction of hexavalent chromium by cysteine 

have shown that, while the intermediate species pentavalent and tetravalent chromium and thiyl 

radicals were formed, they were not responsible for DNA damage; rather, the trivalent 

chromium-DNA adducts were found to be the mutagenic species (Zhitkovich et aI., 2001). The 

same group also found an elimination of mutagenicity when GSH reduction of hexavalent 

chromium occurred in the presence of phosphate ions that led to the sequestration of trivalent 

chromium, preventing its binding to DNA (Guttmann et aI., 2008). 

The ability of these intermediate chromium species to generate damaging free radicals is 

not in doubt, however, and there is evidence of reactive oxygen species generated by pentavalent 

chromium causing DNA damage. A decrease in DNA strand breaks was observed when 

hexavalent chromium reduction with GSH occurred in the presence of free radical scavengers 

(Kortenkamp et aI., 1990). In addition, DNA double-strand breaks in subcellular systems were 

observed when ascorbate-mediated reduction of hexavalent chromium generated hydroxyl 

radicals via a Fenton-like reaction (Shi et aI., 1994). 

In an attempt to explain these conflicting results, it has been theorized that the 

responsible free radicals may be chromium-based and not oxygen-based radicals. This is due to 

the observation that the mutational spectra observed by chromium-induced radicals differs from 

that expected by damage due to reactive oxygen species that are generated following exposure to 

hydrogen peroxide, x-rays, or ionizing radiation (Sugden and Steams, 2000). Hexavalent 

chromium has been shown to induce the formation of 8-oxo-deoxyguanosine adducts that are 

known to be induced by oxidative damage (Sander et aI., 2005), but these lesions have also been 

shown to be induced directly by pentavalent chromium, with the subsequent addition of 

molecular oxygen (Sugden and Martin, 2002). In addition, the oxidant-sensitive dyes used to 

detect reactive oxygen species intracellularly can also be oxidized directly by pentavalent 

chromium and chromium-based radicals (O'Brien et aI., 2003). Therefore, the induction of 

mutagenic lesions by the intracellular reduction of hexavalent chromium could be attributed to 

nonoxygen-dependent mechanisms. 

Pentavalent chromium has been detected using EPR spectroscopy following 

intraperitoneal administration of hexavalent chromium in vivo, both in the liver and RBCs of 

chick embryos (Liebross and Wetterhahn, 1992), and in mouse liver and blood (Liu et aI., 1994). 

In vitro, levels of DNA strand breaks were found to correlate with increasing levels of 

pentavalent chromium in Chinese hamster V79 cells (Sugiyama et aI., 1989). Another in vitro 

study in human leukemic T-Iymphocyte MOLT4 cells detected pentavalent chromium species 

and hydroxyl radicals with EPR following exposure to hexavalent chromium (Mattagajasingh et 
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aI., 2008). The same study also observed a dose-dependent increase in protein carbonyls and 

malondialdehyde generated via protein oxidation and lipid peroxidation, respectively, although 

the lipid peroxidation only occurred significantly at much higher exposures of chromate 

(2':100 11M) compared with the protein oxidation, which was significant as low as 10 11M. 

Tetravalent chromium has been more difficult to observe due to its unstable nature compared to 

pentavalent chromium, but this species was shown to induce mitotic recombination in the 

somatic wing spot assay in Drosophila (Katz et aI., 2001). Both species caused an induction of 

NF-kB, a nuclear transcription factor involved in the cellular response to oxidative damage, in 

cultured Jurkat cells. This activation was enhanced by hydrogen peroxide and eliminated when 

catalase was added to decompose hydrogen peroxide, indicating that hydroxyl radicals may have 

had a role (Shi et aI., 1999). 

In summary, there are many potential mechanisms involved in the genotoxicity of 

hexavalent chromium as a result of intracellular reduction. Intermediate valence states can react 

directly and indirectly through coordinate complexes with DNA as well as form radical species, 

and the final reduction product, trivalent chromium, can form various damaging DNA adducts. 

Additionally, significant evidence points to the aberrant processing of DNA mismatches induced 

by chromium-DNA adducts, leading to apoptosis of the damaged cells, or further promotion of 

these mutagenic lesions as the DNA double-strand breaks generated are substrates for error

prone repair processes such as nonhomologous end joining. 

4.6. SYNTHESIS OF MAJOR NON CANCER EFFECTS-ORAL 

In humans, several case reports have been published on clinical signs and symptoms in 

individuals following acute accidental or intentional ingestion of high doses (fatal or near fatal) 

of hexavalent chromium compounds, including chromic acid, potassium dichromate, and 

ammonium dichromate. Clinical presentation of patients following acute, high-dose exposure 

was similar, regardless of the specific hexavalent chromium compound ingested, and included 

the following: abdominal pain, nausea, and vomiting; hematemesis and bloody diarrhea; caustic 

bums of mouth, pharynx, esophagus, stomach, and duodenum and GI hemorrhage; anemia, 

decreased blood Hgb, abnormal erythrocytes, and intravascular hemolysis; hepatotoxicity 

(hepatomegaly, jaundice, elevated blood bilirubin, and liver enzyme activities); renal failure 

(oliguria and anuria); cyanosis; and metabolic acidosis, hypotension, and shock. Findings on 

tissue biopsies included hepatic fatty degeneration and necrosis and renal tubular degeneration 

and necrosis. 

Information on chronic human health effects resulting from exposure to hexavalent 

chromium comes from several studies of human populations unknowingly consuming food or 

drinking water contaminated with hexavalent chromium over some extended time period. These 

studies have been primarily focused on cancer. However, the noncancer effects that have been 

recorded are consistent with the GI effects observed following acute exposures to hexavalent 
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chromium and have included oral ulcers, diarrhea, abdominal pain, dyspepsia, stomach pain, and 

vomiting (JinZhou Antiepidemic Station, 1979). 

Table 4-26 presents a summary of studies of the noncancer effects of hexavalent 

chromium exposure from repeat-dose oral toxicity studies in experimental animals. The most 

sensitive targets of toxicity identified in these studies included the blood, liver, and GI tract. The 

effects seen in these target organs are more specifically discussed below. 
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Table 4-26. Observed effects and corresponding NOAELs and LOAELs for subchronic, chronic, and reproductive 
toxicity studies following oral exposure to hexavalent chromium 

Exposure NOAEL LOAEL 
Species Sex Exposure levela duration (mg/kg-d) (mg/kg-d) Effects at the NOAELILOAEL Reference 

Subchronic studies 

F3441N rat F,M 0, 1.7,3.5,5.9, 3 mo F: ND 1.7 F: Microcytic, hypochromic anemia (decreased Hgb, NTP,2007 
11.2, or 20.9 M: ND 1.7 MCV, MCH), increased serum liver enzyme activities 
mg/kg-d via (AL T and SDH) and bile acids, and histopathological 
drinking water changes to the duodenum (histiocytic cellular infiltration). 

M: Microcytic, hypochromic anemia (decreased Hct, 
Hgb, MCV, MCH), increased serum liver enzyme 
activities (AL T and SDH), and histopathological changes 
to pancreatic lymph nodes (histiocytic cellular 
infiltration). 

B6C3F j mouse F,M 0,3.1,5.3,9.1, 3 mo F: ND 3.1 Histopathological changes (histiocytic cellular NTP,2007 
15.7, or M: ND 3.1 infiltration) in the duodenum. 
27.9 mg/kg-d 
via drinking 
water 

B6C3F j , M 0, 2.8, 5.2, or 3 mo ND 2.8 Histopathological changes in the duodenum in B6C3F j NTP,2007 
BALB/c, and 8.7 mg/kg-d via mice (histiocytic cellular infiltration and epithelial 
am3-C57BLl6 drinking water hyperplasia), BALB!c mice (histiocytic cellular 
mouse infiltration), and am3-C57BLl6 mice (epithelial 

hyperplasia). 

Wistar rat M o or 73.05 mg! 30 d ND ND Decreased serum prolactin levels. Data not adequate for Quinteros et aI., 
kg-d via estimation of a NOAEL or LOAEL. 2007 
drinking water 

Wistar rat M o or 20 mg/L in lOwks ND ND Liver histopathologic changes. Doses in mg hexavalent Rafael et aI., 
drinking water chromiumlkg-d could not be estimated. 2007 

Wistar rat M o or 1.5 mg/kg-d 22 wks ND 1.5 Changes in serum enzymes; liver triglycerides, glycogen Acharya et al., 
via drinking and cholesterol; liver histopathologic changes. 2001 
water 

Swiss mouse M 0,177,265, 8wks ND ND Liver histopathologic changes. Doses in mg hexavalent Asmatullah and 
353, 530, or chromiumlkg-d could not be estimated. Noreen, 1999 
706 mgIL in 
drinking water 
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Table 4-26. Observed effects and corresponding NOAELs and LOAELs for subchronic, chronic, and reproductive 
toxicity studies following oral exposure to hexavalent chromium 

Exposure NOAEL LOAEL 
Species Sex Exposure levela duration (mg/kg-d) (mg/kg-d) Effects at the NOAELILOAEL Reference 

Wistar rat F o or 1.4 mglkg-d 22 wks ND 1.4 Changes in liver weight; serum enzyme levels, Chopra et al., 
via drinking triglycerides, glucose; liver glycogen; liver 1996 
water histopathology. 

Wistar rat F,M F: 0 or 1.76- 6mo ND ND Changes in urinary markers of renal function. No Vyskocil et aI., 
2.47 mg/kg-d histopathologic examination of the kidney. 1993 
via drinking 
water 

M: 0 or 1.4-
2.18 mg/kg-d 
via drinking 
water 

Chronic studies 

F3441N rat F,M F: 0.24, 0.94, 2yrs F: ND 0.24 F: Increased incidence of chronic inflammation of the NTP,2008 
2.4, or 7.0 mg! M: 0.21 0.77 liver. 
kg-d via 
drinking water M: Increased incidences of nonneoplastic 

histopathological changes to the liver (basophilic foci), 
M: 0.21,0.77, duodenum (histiocytic cellular infiltrate), and mesenteric 
2.1, or lymph nodes (histiocytic cellular infiltrate and 
5.9 mglkg-d via hemorrhage). 
drinking water 

B6C3F] mouse F,M F: 0.38, 1.4, 2yrs F: ND 0.38 F: Increased incidences of histopathological changes to NTP,2008 
3.1, or M: ND 0.38 the duodenum (diffuse epithelial hyperplasia), mesenteric 
8.7 mglkg-d via lymph nodes (histiocytic cellular infiltration), liver 
drinking water (histiocytic cellular infiltration), and pancreas (depletion 

of cytoplasmic zymogen granules). 
M: 0.38,0.91, 
2.4, or M: Increased incidences of histopathological changes to 
5.9 mglkg-d via the duodenum (diffuse epithelial hyperplasia) and 
drinking water mesenteric lymph nodes (histiocytic cellular infiltration). 

Dog Not 0, 0.45, 2.25, 4yrs ND ND No effects were observed. Doses in mg hexavalent Anwar et aI., 
specified 4.5, 6.75, or chromiumlkg-d could not be estimated. 1961 

11.2 mg/L in 
drinking water 
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Table 4-26. Observed effects and corresponding NOAELs and LOAELs for subchronic, chronic, and reproductive 
toxicity studies following oral exposure to hexavalent chromium 

Exposure NOAEL LOAEL 
Species Sex Exposure levela duration (mg/kg-d) (mg/kg-d) Effects at the NOAELILOAEL Reference 

Sprague- F,M 0.05-2.8 mg/kg- 1 yr 2.4-2.8 ND No adverse effects observed at the highest dose tested. MacKenzie et 
Dawley rat d via drinking aI., 1958 

water 

Reproductive/developmental studies 

Bonnet M 0, 1.0, 2.1, 4.1, 180 d ND 2.1 Reversible changes to male reproductive organs, Aruldhas et aI., 
monkey and 8.3 mglkg-d including disruption of spermatogenesis, effects on sperm 2006,2005, 

via drinking count and velocity, and histopathological changes. 2004; 
water Subramanian et 

aI., 2006 

Charles Foster M 0, 20, 40, or 90 d ND 20 Decreased serum testosterone levels and loss of Chowdhury and 
rat 60 mg/kg-d via 3~-L15-HSH activity in testes. Mitra, 1995 

gavage 

Wistar rat M 0,5.2, or 6d ND 5.2 Decreased sperm counts and histopathological changes to Li et aI., 2001 
10.4 mg/kg-d the testes. 
via gavage 

BALB/c mouse M 0,6.4, 12.7, or 35 d ND 6.4 Increased percentage of degenerated tubules, Zahid et aI., 
25.5 mg/kg-d undergenerated tubules without spermatogonia, abnormal 1990 
via gavage sperm, and reduced number of spermatogonia. 

New Zealand M o or 3.6 mg/kg-d lOwks ND 3.6 Decreased testes and epididymis weight and decreased Y ousef et aI., 
White rabbit via gavage sperm output. 2006 

Sprague- F,M F: 0, 0.25, 1.1, 9wks F: 2.5 F: 9.9 F: Slight erythrocyte microcytosis. NTP,1996b 
Dawley rat 2.5, or 9.9 M: 2.1 M: 8.5 

mg/kg-d via the M: Slight erythrocyte microcytosis. 
diet 

M: 0, 0.35, 1.1, 
2.1, or 
8.5 mglkg-d via 
the diet 
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Table 4-26. Observed effects and corresponding NOAELs and LOAELs for subchronic, chronic, and reproductive 
toxicity studies following oral exposure to hexavalent chromium 

Exposure NOAEL LOAEL 
Species Sex Exposure levela duration (mg/kg-d) (mg/kg-d) Effects at the NOAELILOAEL Reference 

BALB/c mouse F,M F: 0, 1.8, 5.6, or 9wks F: 1.8 F: 5.6 F: Histopathological changes to the liver (cytoplasmic NTP,1996a 
12.0, M: 3.5 M: 7.4 vacuolization). 
48.4 mg/kg-d 
via the diet M: Histopathological changes to the liver (cytoplasmic 

vacuolization). 
M: 0, 1.1,3.5, 
7.4, or 
32.5 mg/kg-d 
via the diet 

BALB/c mouse F 0,7.9,16.1, or Continuous ND 7.9 Erythrocyte microcytosis (slight decrease in MCH) in the NTP,1997 
37.1 mg/kg-d breeding study Fl generation. 
via the diet 
(Fl generation) 

Dmckrey rat F 0,70, 127, or 3 mo ND 70 Dam: Increased pre- and postimplantation losses. Kanojia et aI., 
170 mglkg-d via 1998 
drinking water Offspring: Decreased fetal weight and external and 

skeletal abnormalities. 

Swiss mouse F 0,63, 119, or GDs 6 through ND 63 Dam: Decreased fertility. Junaid et al., 
174 mglkg-d via 14 1996a 
drinking water Offspring: Decreased fetal body weight and delays in 

skeletal development. 

Wistar rat F o or 7.9 mglkg-d GDs 6 through ND 7.9 Dam: Increased preimplantation loss/litter, Elsaieed and 
via drinking 15 postimplantation loss/litter, resorptions/litter, and dead Nada,2002 
water fetuses/litter and decreased live fetuses/litter. 

Offspring: Decreased fetal weight and increased litters 
with fetal abnormalities or malformations including 
visceral and skeletal changes. 

Sprague- F o or 35 mg/kg-d GDs 1-3 or 4-6 ND 35 Dam: Impaired implantation, increased resorptions, and Bataineh et al., 
Dawley rat via drinking decreased number of viable fetuses. 2007 

water 

ITRC-Bred F 0, 48, 98, or Entire Dam: 48 Dam: 98 Dam: Decreased body weight gain and increased Trivedi et al., 
mouse 239 mg/kg-d gestational Offspring: ND Offspring: 48 resorptions and postimplantation loss. 1989 

via drinking period 
water Offspring: Decreased fetal length and weight. 
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Table 4-26. Observed effects and corresponding NOAELs and LOAELs for subchronic, chronic, and reproductive 
toxicity studies following oral exposure to hexavalent chromium 

Exposure NOAEL LOAEL 
Species Sex Exposure levela duration (mg/kg-d) (mg/kg-d) Effects at the NOAELILOAEL Reference 

Swiss mouse F 0,53, 101, or 20 days prior to Dam: 53 Dam: 101 Dam: Decreased body weight gain and reduced number Junaid et al., 
152 mglkg-d via mating Offspring: ND Offspring: 53 of implantation sites. 1996b 
drinking water 

Swiss mouse F 0,53, 101, or GDs 14 through Dam: 53 Dam: 101 Dam: Decreased body weight gain. Junaid et al., 
152 mglkg-d via 19 Offspring: ND Offspring: 53 1995 
drinking water Offspring: Reduced fetal weight and length and increased 

incidence of reduced caudal ossification. 

aUniess otherwise noted, dose or concentration expressed as hexavalent chromium. 

F = female; M = male; ND = not determined 
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In regard to hematological effects, NTP (2007) observed microcytic, hypochromic 

anemia (i.e., decreased Rct, Rgb, MCV, and MCR) at a dose of 1.7 mg/kg-day of hexavalent 

chromium in both male and female F344IN rats in a 3-month (subchronic) study. In this same 

study, NTP (2007) also saw histopathological changes (i.e., histiocytic cellular infiltration) in the 

pancreatic lymph nodes in male F344IN rats at 1.7 mg/kg-day of hexavalent chromium. Finally, 

in a chronic (2-year) study, NTP (2008) observed histopathological changes (i.e., histiocytic 

cellular infiltration) in the mesenteric lymph nodes in male F344IN rats at 0.77 mg/kg-day of 

hexavalent chromium and male and female B6C3F1 mice at 0.38 mg/kg-day of hexavalent 

chromium. 

In the NTP (2007) subchronic study referenced above, liver effects were also observed at 

1.7 mg/kg-day of hexavalent chromium and included increased serum liver enzyme activities 

(i.e., ALT and SDR) in both males and females and increased bile acids in females. In their 

2-year bioassay, NTP (2008) found an increased incidence of chronic inflammation of the liver 

at 0.24 mg/kg-day of hexavalent chromium in female F344IN rats and increased incidences of 

histopathological changes to the liver (i.e., basophilic foci) at 0.77 mg/kg-day of hexavalent 

chromium in male F344IN rats. In this same bioassay, increased incidences of histopathological 

changes to the liver (i.e., histiocytic cellular infiltration) were seen at 0.38 mg/kg-day of 

hexavalent chromium in female B6C3F 1 mice. 

Effects of hexavalent chromium ingestion on the GI tract have been primarily observed in 

the small intestine (duodenum). In a 3-month study, NTP (2007) saw histopathological changes 

to the duodenum in male F344IN rats at 1.7 mg/kg-day of hexavalent chromium, in male and 

female B6C3F 1 mice at 5.3 mg/kg-day of hexavalent chromium, and in male BALB/c and 

am3-C57BL/6 mice at 2.8 mg/kg-day of hexavalent chromium. These changes included diffuse 

epithelial hyperplasia and histiocytic cellular infiltration. In their 2-year study, NTP (2008) also 

found increased incidences of histopathological changes to the duodenum in male F344IN rats at 

0.77 mg/kg-day of hexavalent chromium and in male and female B6C3Fl mice at 0.38 mg/kg

day of hexavalent chromium. Similar to that observed in the subchronic study, these changes in 

the duodenum included diffuse epithelial hyperplasia and histiocytic cellular infiltration. 

Animal studies also provide evidence that oral exposure to hexavalent chromium 

compounds produces reproductive effects, including histopathological changes to reproductive 

organs in males (Aruldhas et aI., 2006, 2005, 2004; Li et aI., 2001; Chowdhury and Mitra, 1995; 

Zahid et aI., 1990) and females (Murthy et aI., 1996); alterations in sperm, including decreased 

count, decreased motility, and abnormal morphology (Subramanian et aI., 2006; Y ousef et aI., 

2006; Li et aI., 2001; Zahid et aI., 1990); decreased plasma testosterone levels (Yousef et aI., 

2006; Chowdhury and Mitra, 1995); increased estrous cycle length (Kanojia et aI., 1998, 1996; 

Murthy et aI., 1996); changes in mating behavior and decreased fertility in males (Bataineh et aI., 

1997); and adverse reproductive outcomes, including decreased numbers of live fetuses and 
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implantations, and increased numbers of resorptions and pre- and postimplantation losses 

(Bataineh et aI., 2007; Elsaieed and Nada, 2002; Kanojia et aI., 1998, 1996; Elbetieha and AI

Hamood, 1997; Junaid et aI., 1996a, b, 1995; Trivedi et aI., 1989). These reproductive toxicity 

studies are summarized in Table 4-26. 

Developmental effects observed in animal studies have included decreased fetal weight 

and length (Elsaieed and Nada, 2002; Kanojia et aI., 1998; Junaid et aI., 1996a, b, 1995; Trivedi 

et aI., 1989); external (subdermal hemorrhage and tail malformations) and skeletal abnormalities 

(decreased ossification) (Elsaieed and Nada, 2002; Kanojia et aI., 1998, 1996; Junaid et aI., 

1996a, b, 1995; Trivedi et aI., 1989); and delayed sexual maturation and function in female 

offspring (Banu et aI., 2008; AI-Hamood et aI., 1998). These effects were seen at hexavalent 

chromium doses ranging from about 2 to 100 mg/kg-day. These studies and the developmental 

effects observed are also summarized in Table 4-26. 

In contrast to results of the above studies on reproductive toxicity, reproductive effects 

were not observed in dietary exposure studies conducted by NTP that investigated the potential 

effects of hexavalent chromium on male reproductive organs in rats and mice (NTP, 1996a,b) 

and on reproductive outcomes in a continuous breeding study in mice (NTP, 1997). The reason 

for the inconsistent results between the NTP studies and the other reproductive toxicity studies of 

hexavalent chromium are not readily apparent, as daily dose ranges evaluated in the NTP studies 

overlapped with those used in the other studies showing hexavalent chromium-induced 

reproductive effects. 

Based on a review of the NOAELs and LOAELs in Table 4-26, the most sensitive 

hexavalent chromium-induced effects in rats were increased incidence of chronic inflammation 

of the liver in females and increased incidences of nonneoplastic histopathological changes to the 

liver (basophilic foci), duodenum (histiocytic cellular infiltrate), and mesenteric lymph nodes 

(histiocytic cellular infiltrate and hemorrhage) in males. In mice, the most sensitive hexavalent 

chromium-induced effects were increased incidences of histopathological changes to the 

duodenum (diffuse epithelial hyperplasia), mesenteric lymph nodes (histiocytic cellular 

infiltration), liver (histiocytic cellular infiltration), and pancreas (depletion of cytoplasmic 

zymogen granules) in females and increased incidences of histopathological changes to the 

duodenum (diffuse epithelial hyperplasia) and mesenteric lymph nodes (histiocytic cellular 

infiltration) in males. All of these effects were observed in the 2-year chronic study by NTP 

(2008), and in general, occurred at lower doses than the reproductive or developmental effects. 

4.7. EVALUATION OF CARCINOGENICITY 

4.7.1. Summary of Overall Weight of Evidence 

Under the U.S. EPA Guidelinesfor Carcinogen Risk Assessment (U.S. EPA, 2005a), 

hexavalent chromium is "likely to be carcinogenic to humans" via the oral route of exposure 

based on a statistically significant increase in the incidence of tumors of the oral mucosa and 
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tongue of rats and of the small intestine of mice; and evidence of an association between oral 

exposure to hexavalent chromium and stomach cancer in humans. Additionally, available 

evidence indicates that chromium interacts with DNA, resulting in DNA damage and 

mutagenesis. Thus, hexavalent chromium is proposed to induce carcinogenicity via a mutagenic 

mode of action. 

4.7.2. Synthesis of Human, Animal, and Other Supporting Evidence 

Human studies in which health outcomes (primarily cancer) were evaluated among 

populations that resided near sources of industrial waste containing hexavalent chromium 

compounds and unknowingly consumed hexavalent chromium in drinking water provide some 

evidence of possible associations between oral exposure to hexavalent chromium and cancer. 

These epidemiological studies evaluated populations in Liaoning Province, China (Kerger et aI., 

2009; Beaumont et aI., 2008; Zhang and Li, 1997, 1987), Kings County/San Bernardino County, 

California (Fryzek et aI., 2001), Nebraska (Bednar and Kies, 1991), and Glasgow, United 

Kingdom (Eizaguirre-Garcia et aI., 2000, 1999) that unknowingly were exposed to hexavalent 

chromium over some time period. Of these studies, the most detailed analyses were of data 

collected from the JinZhou area of Liaoning Province, China, where groundwater, surface water, 

and agricultural soils were contaminated with chromium derived from hexavalent chromium 

production (e.g., 0.001-20 mg chromium/L in residential well water). This study found evidence 

of an excess risk of mortality from stomach cancer from 1970 to 1978 in residents of the area, 

relative to the reference populations (four other areas in Liaoning Province, and the total 

population of the province) (Beaumont et aI., 2008). The association with stomach cancer 

mortality was weaker when an urban area was excluded from the reference population (Kerger et 

aI.,2009). However, there was little difference between stomach cancer rates in urban compared 

to rural areas during this period, indicating no sound rationale for excluding this urban area from 

the reference group. Studies of chromium-exposed populations in California and Nebraska 

(Fryzek et aI., 2001; Bednar and Kies, 1991) found no significant correlation between cancer 

mortality and drinking water concentration, and the study of the population in Glasgow 

(Eizaguirre-Garcia et aI., 2000, 1999) found no correlation between leukemia risk and distance 

from a former chromium processing facility (where elevated soil concentrations for hexavalent 

chromium were measured). Interpretation of the findings from these three studies is limited by 

the analysis of all cancer mortality (rather than individual cancer types) in the case of the 

California and Nebraska studies and leukemia only in the case of the Glasgow study. 

Evidence of carcinogenicity in animals was provided by the NTP (2008) bioassay 

conducted in rats and mice. In this study, exposure ofF3441N rats to sodium dichromate 

dihydrate in drinking water for 2 years resulted in a statistically significant increase in the 

incidence of squamous epithelial papillomas and carcinomas of the oral mucosa and tongue 

(noted by NTP as rare when compared with historical controls) at the highest exposure level 
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(average daily doses of 5.9 and 7.0 mg hexavalent chromium/kg-day in males and females, 

respectively), but not at the three lower exposure levels. NTP (2008) also exposed B6C3F 1 mice 

to sodium dichromate dihydrate in drinking water for 2 years and reported statistically significant 

increases in the incidence of adenomas and carcinomas of the small intestine in males and 

females at doses 2':2.4 and 2':3.1 mg hexavalent chromium/kg-day, respectively. 

As discussed in detail in Section 4.6.3, hexavalent chromium is proposed to induce 

carcinogenicity via a mutagenic mode of action. The key precursor events leading to 

mutagenicity have been identified in animals and these events are anticipated to occur in humans 

and progress to tumors. 

The "likely to be carcinogenic to humans" descriptor is appropriate when the weight of 

the evidence is adequate to demonstrate carcinogenic potential to humans but does not reach the 

weight of evidence for the descriptor "carcinogenic to humans". The database supports this 

descriptor for hexavalent chromium exposure via the oral route. On the other hand, available 

evidence to support the descriptor of "carcinogenic to humans" was also considered. 

The "carcinogenic to humans" descriptor indicates strong evidence of human 

carcinogenicity, and can be characterized by different combinations of evidence. One line of 

evidence indicates this descriptor is appropriate when there is convincing epidemiologic 

evidence ofa causal association between human exposure and cancer (US. EPA, 2005a). This is 

not the case for exposure to hexavalent chromium via ingestion. A moderately elevated risk of 

stomach cancer mortality was seen in JinZhou (Liaoning Province, China), but this risk has not 

been established in other populations exposed to drinking water contaminated with hexavalent 

chromium. The epidemiologic data are not sufficient to establish a causal association between 

exposure to hexavalent chromium by ingestion and cancer. 

A second line of evidence under which this descriptor may be appropriate involves a 

lesser weight of epidemiologic evidence that is strengthened by other information, including 

strong evidence of an association between human exposure and either cancer or the key events of 

the mode of action and extensive evidence of carcinogenicity in animals (U S. EPA, 2005a). As 

discussed above, the epidemiologic evidence for the oral route of hexavalent chromium exposure 

is not considered strong. In addition, extensive evidence of the carcinogenicity of hexavalent 

chromium in animals via ingestion does not exist. Only one multiple-dose chronic oral 

carcinogenicity study of hexavalent chromium in animals is available (i.e., the 2-year bioassay in 

rodents conducted by NTP [2008]). Taken together, these considerations do not provide a basis 

for the characterization of hexavalent chromium as "carcinogenic to humans" via oral exposure. 

Therefore, US. EPA concluded that, based on the available information, the descriptor "likely to 

be carcinogenic to humans" is the most appropriate descriptor for the carcinogenic potential of 

hexavalent chromium via ingestion. 
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4.7.3. Mode-of-Action Information 

4.7.3.1. Hypothesized Mode of Action 

The hypothesized mode of action for carcinogenicity induced by hexavalent chromium is 

via mutagenesis. The hypothesis is that carcinogenicity can be induced directly by reduced 

forms of chromium interacting with DNA to form adducts and crosslinks that can lead to DNA 

breaks and mutations, and indirectly by free radical species generated during the reduction 

process that can also lead to DNA breakage and mutagenesis. 

Trivalent chromium is the ultimate product of the intracellular reduction of hexavalent 

chromium. Trivalent chromium is capable of interacting directly with DNA, forming stable 

coordination complexes with nucleic acids and peptides (Salnikow and Zhitkovich, 2008). In 

particular, trivalent chromium is capable of forming ternary complexes with DNA and an 

intracellular reducer, such as ascorbate, GSH, or cysteine (Zhitkovich et aI., 1996; Salnikowet 

aI., 1992), as well as crosslinking DNA and proteins, and forming intrastrand DNA-DNA 

crosslinks (Zhitkovich, 2005; Voitkun et aI., 1998). These chromium-DNA complexes, as well 

as DNA-protein and DNA-DNA crosslinks, have the capability of causing DNA single- and 

double-strand breaks, which, if not adequately repaired, can lead to cell death, or if misrepaired, 

can result in mutation. 

Thus, once inside the cell, hexavalent chromium, through reduction to its pentavalent, 

tetravalent, and trivalent forms, is capable of inducing a wide range of mutagenic and genotoxic 

damage, including the formation of DNA adducts, DNA-protein and DNA-DNA crosslinks, 

mutations, DNA single- and double-strand breaks, abasic sites, oxidized DNA bases, 

chromosomal aberrations, sister chromatid exchanges, and micronuclei. 

Key events. 

1. Cellular uptake of hexavalent chromium. The first key event in hexavalent chromium

induced carcinogenesis is cellular uptake of hexavalent chromium. Hexavalent 

chromium readily enters cells via nonspecific sulfate and phosphate transporters, which 

occurs due to the structural similarity of hexavalent chromium to these tetrahedral anions 

(Bridges and Zalups, 2005). If hexavalent chromium is reduced before entering the cell, 

very little chromium will be taken up, as cells are relatively impermeable to trivalent 

chromium (Standeven and Wetterhahn, 1989). 

2. Intracellular reduction of hexavalent chromium. Once inside the cell, hexavalent 

chromium quickly undergoes a series of reduction reactions to yield pentavalent, 

tetravalent, and ultimately the thermodynamically stable trivalent chromium. These 

reactions are enabled by abundant nonenzymatic reductants within the cell, primarily 

GSH, ascorbate, and cysteine (reviewed in McCarroll et aI., 2009). 

3. DNA damage via reduced chromium species. Following this intracellular reduction, 

several possible mechanisms leading to mutagenicity can occur, since the products of 

hexavalent chromium reduction within the cell (pentavalent, tetravalent, and trivalent 
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chromium) have all been shown to be DNA reactive (O'Brien et aI., 2003). Hexavalent 

chromium is reduced by GSH to yield pentavalent chromium and thiyl radicals, which 

can react with other thiol molecules to produce superoxide radicals. Both pentavalent 

and tetravalent chromium can participate in Fenton reactions, generating hydroxyl 

radicals (Salnikow and Zhitkovich, 2008; Volko et aI., 2006). Hence, the next key event 

is the direct interaction of the reduced forms of chromium with DNA, leading to DNA 

single- and double-strand breaks, base modifications, lipid peroxidation, and overall 

genomic instability, which can lead to mutations if not adequately repaired. 

4. Apoptosis and clonal expansion of mutated cells. Apoptosis induced by hexavalent 

chromium exposure is initiated by several pathways, both genotoxic and nongenotoxic, to 

eliminate the damaged cells from the population. In the process, cells that are resistant to 

apoptosis (due either to mutations caused by hexavalent chromium or pre-existing 

mutations) are selected for, allowing clonal expansion of cells that are capable of evading 

apoptosis. 

4.7.3.2. Experimental Support for the Hypothesized Mode of Action 

Strength, consistency, and specificity of association. A large database of experimental 

data exists on the mutagenic activity of hexavalent chromium compounds (these results are 

summarized in Section 4.4.1 and in the corresponding tables). In vitro, positive results were 

found in the majority of tests performed on hexavalent chromium compounds in bacterial test 

systems (see Table 4-21). Similarly, in yeast (s. cerevisiae and S. pombe), all available studies 

described positive results for the detection of gene mutations, mitotic gene conversion, and 

mitotic crossing over. 

In mammalian cell lines and primary cells, all studies using whole cells in vitro yielded 

positive results (Table 4-22). Evidence of mutation induction was shown at the tk locus in the 

mouse lymphoma assay, as well as at the HGPRT locus in Chinese hamster ovary cells (V79 and 

AT3-2). In human cells, chromosome aberrations, DNA damage, and DNA-DNA and 

DNA-protein crosslinks were detected in primary cultures and established cell lines originating 

from target organs, including the gastric mucosa, bronchial epithelium, and fibroblasts from the 

bronchial tubes and lung. Chromosome aberrations, sister chromatid exchanges, and DNA 

damage were observed in primary human dermal fibroblasts and lymphocytes as well as 

bronchial fibroblasts and epithelial cells. Chromosome aberrations and DNA damage were 

found in mouse carcinogenic cell lines, and sister chromatid exchanges were detected in mouse 

blastocysts. In rats, DNA damage and unscheduled DNA synthesis were observed in rat gastric 

mucosal cells and hepatocytes as well as in primary lymphocytes, and transformation was 

observed in rat liver epithelial cells upon exposure to hexavalent chromium. A number of 

studies have been performed using cultured Chinese hamster ovary cells, showing chromosomal 

aberrations and sister chromatid exchanges as well as DNA damage, DNA-protein crosslinks, 
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and induced DNA methylation, and three studies showed induced transformation in cultured 

Syrian hamster embryo cells. 

In vivo, most studies of the mutagenicity of hexavalent chromium compounds have 

yielded positive results (Table 4-23). Somatic and germ cell mutations were detected in 3-day

old D. melanogaster larvae fed potassium chromate, potassium dichromate, or calcium chromate 

(Kaya et aI., 2002; Spano et aI., 2001; Amrani et aI., 1999; Grafand Wurgler, 1996; Zimmering 

et aI., 1985). A number of in vivo oral exposure studies of the mutagenicity of hexavalent 

chromium in mice and rats are available, with slightly differing results depending on the method 

used. In the two studies in rats, Coogan et ai. (1991) found DNA-protein crosslinks in liver and 

not in splenic lymphocytes following 3- or 6-week exposures of 100 or 200 mglL in drinking 

water, but Mirsalis et ai. (1996) did not find any evidence of DNA repair via unscheduled DNA 

synthesis in rat hepatocytes following 48-hour exposures of up to 20 mg/L in drinking water or a 

single gavage dose of 20 mLlkg at the same concentration. In other studies of mice exposed via 

gavage, DNA damage, as measured by the comet assay, was found in peripheral leukocytes 

(including isolated lymphocytes), stomach, colon, liver, kidney, bladder, lung, and brain (Wang 

et aI., 2006; Devi et aI., 2001; Sekihashi et aI., 2001), but neither DNA damage nor micronuclei 

were found in bone marrow (De Flora et aI., 2006; Sekihashi et aI., 2001; Shindo et aI., 1989). 

Similarly, in studies of mice exposed via drinking water, De Flora et ai. (2008, 2006) reported 

negative results for the detection of micronuclei in the bone marrow of pregnant Swiss albino 

mice and in the fetal polychromatic erythrocytes after exposures up to 20 mg/L and also in adult 

BDF 1 mice following 500 mg/L exposure for 210 days. 

Interestingly, NTP (2007) investigated micronuclei induction in male mouse bone 

marrow following a 3-month drinking water exposure and found differing results depending on 

the strain of mouse used. In one phase of the study, results were negative in B6C3F 1 mice 

exposed to doses as high as 349 mg/L, while in another phase, following exposures of 0, 21.8, 

43.6, or 87.2 mg/L hexavalent chromium, results were negative in BALB/c mice, equivocal in 

B6C3F 1 mice, and significantly positive at 2':43.6 mglL exposures in am3-C57BLl6 mice, with a 

statistically significant positive trend starting at 21.8 mglL. 

Somatic and germ cell mutations were detected in D. melanogaster treated 

intraperitoneally with chromic acid or potassium dichromate (Rodriguez-Arnaiz and Martinez, 

1986) or with sodium dichromate via filter paper (Rasmuson, 1985). Following parenteral 

exposure in mice, DNA damage was detected in the stomach, colon, bladder, lung, brain, liver, 

and kidney (Sekihashi et aI., 2001; Ueno et aI., 2001; Amlacher and Rudolph, 1981); mutations 

were found in the liver of transgenic mice (Itoh and Shimada, 1998, 1997), in the germ cells of 

hybrid male mice (Paschin et aI., 1982), and in the offspring of exposed female mice (Knudsen, 

1980); and micronuclei were increased in bone marrow and polychromatic erythrocytes (De 

Flora et aI., 2006; Wronska-Nofer et aI., 1999; Itoh and Shimada, 1996; Hayashi et aI., 1982; 

Paschin and Toropzev, 1982; Wild, 1978), as well as in the liver and peripheral blood of mice 
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exposed prenatally (De Flora et aI., 2006). In rats exposed parenterally, DNA damage was 

detected in leukocytes (Patlolla and Tchounwou, 2006), and DNA-protein crosslinks were found 

in lung, liver, and kidney (Tsapakos et aI., 1983). Mutations were observed in the lung and 

kidney from transgenic mice exposed intratracheally to hexavalent chromium (Cheng et aI., 

2000); DNA-protein crosslinks and DNA fragmentation and adducts were found in the lung of 

rats similarly exposed (Izzotti et aI., 1998), while in rats exposed via inhalation, chromosomal 

aberrations and sister chromatid exchanges were observed in peripheral lymphocytes (Koshi et 

aI., 1987). 

In addition to the in vivo evidence in animals for the genotoxicity of hexavalent 

chromium, several studies are available in humans (Table 4-24). In the only mutagenicity study 

following oral doses, DNA-protein crosslinks were not detected in peripheral lymphocytes up to 

4 hours after the four volunteers were given 71 Ilg hexavalent chromium/kg (Kuykendall et aI., 

1996). Another study (Gao et aI., 1994) failed to detect DNA damage in peripheral lymphocytes 

of workers inhalationally exposed to 0.001-0.055 mg/m3
. However, several studies of 

occupational exposures via inhalation provide evidence of significant levels of chromium

induced DNA damage (Gambe1unghe et aI., 2003), and the formation of micronuclei (Benova et 

aI., 2002; Vaglenov et aI., 1999), chromosomal aberrations (Deng et aI., 1988; Sarto et aI., 1982), 

and sister chromatid exchanges (Wu et aI., 2001, 2000; Deng et aI., 1988; Sarto et aI., 1982; 

Stella et aI., 1982) in peripheral lymphocytes and/or buccal mucosal cells. These studies 

detected genotoxicity in workers exposed to mean air concentrations as low as 0.0075 and 

0.0249 mg/m3 (Benova et aI., 2002). In addition, three studies found negative results for 

micronuclei and sister chromatid exchange, but the exposure concentrations were not reported 

(Nagaya et aI., 1991; Sarto et aI., 1990; Nagaya, 1986). 

Dose-response concordance and temporal relationship. As noted above, hexavalent 

chromium is hypothesized to induce carcinogenicity via a mutagenic mode of action. The initial 

key events in the hypothesized mutagenic mode of action are the capability of the hexavalent 

form of chromium to pass through the cell membrane and, once inside, to be reduced to 

pentavalent, tetravalent, and trivalent chromium. 

The available animal studies show that hexavalent chromium induces tumors in the 

tongue, oral mucosa, and intestines of rodents (NTP, 2008). Studies of a human cohort in 

Liaoning Province, China, exposed to 0.001-20 mg chromiumlL in residential well water 

(Beaumont et aI., 2008; Zhang and Li, 1997, 1987) reported an excess risk of mortality from 

stomach cancer in residents of the area. However, this risk has not been established in other 

human populations exposed to drinking water contaminated with hexavalent chromium, and thus 

the epidemiologic data are not sufficient to establish a casual association between exposure to 

hexavalent chromium by ingestion and cancer. 

NTP (2008) reported a statistically significant increase in the incidence of tumors of the 

oral mucosa and tongue in rats exposed to hexavalent chromium for 2 years in drinking water at 
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average daily doses of 5.9 and 7.0 mg/kg-day for males and females, respectively, and tumors of 

the small intestine in mice exposed to average daily doses of2:2.4 and 3.1 mg/kg-day in males 

and females, respectively. Correlating these data with mutagenicity testing by establishing 

temporal and dose and/or site concordance can be difficult, as in vivo assays designed to detect 

mutagenicity are conducted within a relatively short time after the exposure period has ended, 

and tend to rely mainly on cells from tissues such as bone marrow and/or blood that are actively 

replicating and therefore sensitive to mutagenic agents. There is evidence, however, that 

hexavalent chromium can accumulate and induce mutagenicity in tissues at the site of entry and 

systemically, at doses relevant to human exposures. 

Following drinking water exposures, only one animal study has directly investigated 

target tissue genotoxicity (De Flora et aI., 2008). With regard to dose, the De Flora et ai. (2008) 

study tested levels (5 and 20 mg/L, or 1.2 and 4.82 mg/kg-day of hexavalent chromium) that 

were just below those leading to murine intestinal (duodenum, jejunum, and ileum) tumors in the 

2-year NTP study (30 and 50 mg/L for males and females, respectively). Negative results were 

reported for DNA-protein crosslinks and DNA adducts when measuring the forestomach, 

glandular stomach, and duodenum of mice exposed to hexavalent chromium for 9 months via 

drinking water. However, the shorter study duration of DeFlora et ai. (2008) makes a direct 

comparison of these results to the duodenal tumors reported in the chronic NTP bioassay 

infeasible. 

Other studies have shown evidence of in vivo genotoxicity in nontarget tissues at early 

time points following exposure. In three studies that used the comet assay to detect DNA 

damage following gavage exposures in mice, Devi et ai. (2001) found evidence of DNA damage 

in leukocytes that peaked at 48 hours postexposure, Wang et ai. (2006) detected DNA damage in 

lymphocytes after 1- or 5-day consecutive exposures, and Seikihashi et ai. (2001) detected DNA 

damage in stomach, colon, liver, kidney, bladder, lung, and brain within 8 hours of dosing that 

subsided by 24 hours posttreatment. 

Devi et ai. (2001) found positive dose-dependent results at >10-fold lower doses (0.21, 

0.42,0.84, 1.68, and 3.37 mg hexavalent chromium/kg). In fact, many of the positive in vivo 

mutagenicity studies found a positive trend with dose, including oral exposures (Wang et aI., 

2006; Devi et aI., 2001) and parenteral exposures (Itoh and Shimada, 1996; Shindo et aI., 1989; 

Hayashi et aI., 1982; Paschin and Toropzev, 1982; Knudsen, 1980; Wild, 1978) in rats (Patlolla 

et aI., 2008) and mice. 

Therefore, the detection of DNA damage, a key event for the mutagenic mode of action 

following oral exposure to hexavalent chromium, which exhibits dose-dependence and is 

observed at time points prior to tumor development, strengthens the causal nature of this 

association. Although DNA-protein crosslinks and DNA adducts were not detected in target 

tissues following drinking water exposure in mice (De Flora et aI., 2008), the lack of these 
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findings did not preclude the observation of mutations in other tissues and organs, considered to 

be early events following hexavalent chromium exposure leading to carcinogenesis. 

Biological plausibility and coherence. Mutagenicity as a mode of action for 

carcinogenicity in humans is a biologically plausible mechanism for tumor induction. 

Hexavalent chromium has been shown to be mutagenic in vitro and in vivo, across species and 

tissue types. Human studies have shown induction of DNA damage, chromosomal aberrations, 

and micronucleus induction following exposure to hexavalent chromium, and in vivo animal 

studies show that hexavalent chromium induces DNA damage in rat blood, bone marrow, lung, 

liver, and kidney, and in mouse blood, lung, liver, kidney, bladder, colon, and brain. Exposures 

that induced a mutagenic response in these studies included doses within the range causing 

tumors in rats and mice in a chronic exposure bioassay (NTP, 2008). 

Only one study examined tumor target tissue for evidence of mutagenicity (De Flora et 

aI., 2008). De Flora et ai. (2008) found negative results for DNA-protein crosslinks and DNA 

adducts in the duodenum in mice following drinking water exposures. Other available drinking 

water exposure studies of hexavalent chromium that measured mutagenicity in mice failed to 

show evidence of micronucleus induction in the blood or bone marrow (De Flora et aI., 2008, 

2006; NTP, 2007; Mirsalis et aI., 1996). 

It has been postulated (De Flora et aI., 2008) that the positive results for DNA damage 

found in mice following gavage exposures (Wang et aI., 2006; Devi et aI., 2001; Sekihashi et aI., 

2001) were the result of overwhelming the reductive capacity of the GI tract in mice, allowing 

the accumulation and subsequent absorption of hexavalent chromium. This would indicate that 

the com parati vel y lower concentrati ons of hexaval ent chromium admini stered in the drinking 

water studies (De Flora et aI., 2008, 2006) are effectively reduced to trivalent chromium when 

ingested, thereby inhibiting cellular uptake and subsequent DNA damage. While this is a 

plausible explanation for the results following drinking water exposures, which are unusual in 

that they represent the only component of the hexavalent chromium mutagenicity database that 

does not show overwhelmingly positive results, there are inconsistencies with this explanation. 

For example, although the doses administered in De Flora et ai. (2008) were lower than those in 

Wang et ai. (2006) and Sekihashi et ai. (2001), Devi et ai. (2001) found positive results at doses 

approximately sixfold lower than the lowest dose used by De Flora et ai. (2008). 

In addition, genetic differences have been implicated in predicting the severity of 

genotoxic responses to hexavalent chromium exposure. In the 3-month NTP bioassay (2007), 

three different strains of mice (B6C3F 1, BALB/c, and am3-CS7BL/6) were exposed to 

hexavalent chromium in drinking water at concentrations of21.8, 43.6, or 87.2 mg/L, and 

different results for micronucleus induction in polychromatic erythrocytes were found among 

strains. The BALB/c mice showed no micronucleus induction, and results in the B6C3F 1 mice 

were equivocal at the highest dose of 87.2 mg/L and in the trend test (p = 0.031). However, the 

am3-CS7BL/6 mice responded with a statistically significant overall positive trend, with the two 

207 DRAFT - DO NOT CITE OR QUOTE 

NWMAR 118235 



highest doses statistically significant, and the lowest dose nearly so. Based on the expected 

reduction capacity of an average 50 g mouse, it does not appear that the reductive capacities 

were overwhelmed in the NTP bioassay. The average rate of hexavalent chromium exposure for 

all three strains of mice was estimated to have been 2.9 x 10-2 mg/hour at the highest dose (NTP, 

2007). This rate is within the estimated reductive capacity of the mouse GI tract of 4.4 x 10-2 

mg/hour that is based on an estimated 0.33 mLihour rate of drinking water consumption. 

However, the micronucleus results could reflect minor differences in the capacities of these three 

strains of mice to reduce hexavalent chromium extracellularly, since the exact reductive capacity 

of each mouse strain used is unknown. 

The repair mechanisms in place for the resolution of DNA damage also appear to playa 

role in the carcinogenicity of hexavalent chromium. While ER has been shown to prevent 

hexavalent chromium-induced DNA damage (O'Brien et aI., 2005), it has also been shown to be 

responsible for the generation of DNA damage following exposures (Brooks et aI., 2008). 

Another DNA repair pathway important in resolving mismatched bases during DNA replication, 

MMR, has recently been implicated in the genotoxic responses to hexavalent chromium 

exposure. It has been shown that the processing of chromium-DNA adducts by the MMR 

pathway is responsible for turning these lesions into frank DNA double-strand breaks (Peterson

Roth et aI., 2005). This group found that cells deficient in MMR were not subject to the same 

toxic responses to hexavalent chromium as were cells with these repair processes intact. This 

loss ofMMR function leads to an unstable mutator phenotype, in which replication errors, 

particularly those occurring in simple nucleotide repeat sequences known as microsatellites, are 

not corrected, leading to an increase in mutation frequency (Loeb et aI., 2008). Further, these 

effects would be exacerbated by the physical and chemical interference with DNA replication 

that occurs when trivalent chromium is present intracellularly (Eastmond et aI., 2008). 

There are several forms of cancer that exhibit microsatellite instability. For example, 

microsatellite instability has been implicated as the cause of the majority of cases of hereditary 

nonpolyposis colorectal cancer due to the inactivation of genes involved in the MMR pathway. 

In an epidemiological study of chromate-exposed workers, microsatellite instability was reported 

to occur in 79% of hexavalent chromium-induced lung tumors compared to only 15% in the 

nonchromate lung cancer group (Hirose et aI., 2002). The same group also reported finding 

increased DNA methylation in the promoter region of the tumor suppressor gene p16 and the 

MMR gene hMLH1 in human lung cancers in these chromate-exposed workers, indicating that 

chromium can induce epigenetic effects (Kondo et aI., 2006; Takahashi et aI., 2005). These 

findings reflect a loss of functional MMR capability that could be mechanistically involved in 

chromate-induced lung cancer. 

It was found that all four proteins responsible for MMR function were required for the 

processing of chromium-DNA adducts into DNA double-strand breaks (Peterson-Roth et aI., 

2005). The genes involved in MMR are known to be highly polymorphic in humans (Goode et 
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aI., 2002), and given spontaneous background rates of mutation in human cells, it would not be 

unexpected to find small populations of cells that have acquired mutations in one of these four 

MMR genes. An inactivating mutation in anyone of these would result in a growth advantage to 

cells exposed to hexavalent chromium, allowing them to evade apoptotic responses to these 

genotoxic lesions, as well as incurring further microsatellite instability, leading to a mutator 

phenotype. Thus, a selective advantage upon chronic exposure to even low levels of hexavalent 

chromium could translate into a clonal expansion of these MMR-deficient cells, leading to 

further evasion of cell death and increasing mutation frequencies, resulting in a state of genomic 

instability. This suggests that interindividual differences in the capacity and fidelity of DNA 

repair processes could determine susceptibility to ingested hexavalent chromium. 

In summary, DNA damage can occur following oral exposure to hexavalent chromium at 

doses that should be within the reductive capacity of the organism. This DNA damage may be 

repaired by error-prone mechanisms, resulting in DNA double-strand breaks and microsatellite 

instability, and further exacerbated by both hexavalent chromium-induced epigenetic effects that 

alter these DNA repair mechanisms and the interference of DNA replication processes by 

hexavalent chromium. Genomic instability, or an increased rate of acquisition of genetic 

alterations, may result not only in the form of microsatellite instability but also as chromosomal 

instability and aneuploidy that have been shown to occur after prolonged exposure to hexavalent 

chromium. Exposure also results in complex alterations in gene expression that can alter cell 

survival pathways; this combined with apoptosis induced by both genotoxic and non-genotoxic 

mechanisms induced by hexavalent chromium can lead to a deregulation of cellular proliferation, 

resulting in the clonal expansion of cells that are resistant to apoptosis and eventually leading to 

neoplastic transformation. 

In addition, it is of note that among the available oral exposure studies in mice, all studies 

that investigated DNA damage or micronucleus induction in bone marrow cells found negative 

results, including the study by Sekihashi et ai. (2001), which found DNA damage in every tissue 

examined (liver, kidney, lung, brain, stomach, colon, and bladder) except for the bone marrow. 

The reason for the negative findings in these assays is unknown, but the high turnover of cells in 

the bone marrow may have allowed for more efficient repair of the damaged cells. 

Bioavailability. As noted above, there is uncertainty surrounding the ability of 

hexavalent chromium to induce mutagenicity and carcinogenicity in humans considering the 

potential for reduced bioavailability. Intrinsic to the mutagenic and carcinogenic processes of 

hexavalent chromium is its ability to reach relevant tissues prior to being reduced to pentavalent, 

tetravalent, and trivalent chromium. When hexavalent chromium is reduced to the trivalent form 

extracellularly, this reduction process effectively detoxifies hexavalent chromium, since trivalent 

chromium is nearly impermeable to the cell. 

Quantitative studies of GI absorption of hexavalent chromium in humans have estimated 

that as much as 10% of an ingested dose of 5 mg is absorbed (Kuykendall et aI., 1996), 
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indicating that not all hexavalent chromium is reduced by the gastric juices of the stomach. In 

rats and mice, daily oral doses of 8 mg hexavalent chromium/day for 8 weeks resulted in 

absorption and accumulation of chromium in the bone, spleen, liver, and kidney (Kargacin et aI., 

1993); rats given 0.138 /lmol hexavalent chromium/day for 3 days exhibited GI absorption of 

about 16% (Febel et aI., 2001), and the absorption of 4-10% of a single daily dose of 57 /lg 

hexavalent chromium (as Na51 Cr04) was observed in rats, regardless of fasting state (MacKenzie 

et aI., 1959). Distribution studies have shown that hexavalent chromium, once absorbed, 

distributes to nearly all tissues, particularly concentrating in the kidney, liver, bone, and RBCs. 

Thus, at oral doses within human exposure ranges, hexavalent chromium was not completely 

reduced by the GI tract, making available some portion of ingested hexavalent chromium to be 

absorbed directly by the mucosal cells of the GI tract, or to be distributed to other tissues 

throughout the body. 

However, based on an understanding of chromium chemistry, as well as in vitro and in 

vivo studies conducted by De Flora et ai. (2008, 1997), the reduction of at least some portion of 

ingested hexavalent chromium to trivalent chromium likely occurs in the GI tract (see 

Chapter 3). No data are currently available on the capacity of the rodent stomach to reduce 

hexavalent chromium. However, based on in vitro measurements, De Flora et ai. (1997) 

estimated that the reductive capacity of the human GI tract is sufficiently large to effectively 

reduce even high doses of ingested hexavalent chromium to the less toxic trivalent form. Given 

this assertion, it is appropriate to ask whether the observed effects at the doses employed in the 

NTP (2008) study resulted from an exceedance of the reductive capacity of the rodent GI tract. 

This is important because if the effects observed only occurred due to the reductive capacity of 

the rodent GI tract being exceeded, these results may be less relevant to human risk at the lower 

doses that humans are more likely to be exposed. 

In discussing the results of the NTP (2008) study, the original NTP investigators, Stout et 

ai. (2009), specifically addressed this extracellular reduction issue. Qualitatively, Stout et ai. 

(2009) noted that, in the 2-year NTP study, the observed increases in neoplasms of the small 

intestine of mice and the toxicity to the erythron, histiocytic infiltration, and uptake of hexavalent 

chromium into the tissues of rats and mice suggested that, under the conditions of this study, at 

least a portion of the administered hexavalent chromium was not reduced in the stomach. 

Moreover, Stout et ai. (2009) also pointed out the significant disparity in the oral toxicity and 

carcinogenicity of hexavalent chromium versus trivalent chromium in rodents, including the 

absence of increases in neoplasms or nonneoplastic lesions of the small intestine in rats or mice 

exposed to chromium picolinate monohydrate, a trivalent chromium compound tested in an 

earlier NTP bioassay. Stout et ai. (2009) believe that these data provide additional evidence that 

hexavalent chromium is not completely reduced in the stomach and is responsible for the 

observed effects. 
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In addressing the De Flora et ai. (2008) suggestion that increases in neoplasms of the 

small intestine observed in mice are the result of a saturation of the gastric reduction capacity, 

Stout et ai. (2009) took a more quantitative approach. Stout et ai. (2009) postulated that if the 

threshold mechanism proposed by De Flora et ai. (2008) actually existed, then the dose that 

saturated the reduction capacity would likely represent an inflection point on a sublinear dose

response curve, with doses above the inflection point demonstrating an increasing rate of 

response per unit dose. To test this hypothesis, Stout et ai. (2009) evaluated tissue concentration 

and mouse small intestine neoplasm data for linearity and found that data that were statistically 

nonlinear were supralinear (i.e., exhibited a decreasing rate of response per unit dose), which 

does not support the presence of a reduction threshold. 

Finally, De Flora et ai. (1997) estimated the reductive capacity of human gastric juice to 

be about 84-88 mg of hexavalent chromium/day. Similar data are not available for the reductive 

capacity of mouse gastric juice. However, Stout et ai. (2009) assumed that hexavalent chromium 

reduction is equally effective in mice and humans and that gastric secretion scales across species 

by body weighe/4
. Then, they estimated the reductive capacity of the gastric juice from a 50-g 

mouse to be approximately 0.4 mg/day (8 mg/kg-day). Stout et ai. (2009) then pointed out that 

this value is greater than all of the male mouse doses and is nearly equivalent to the average daily 

dose of hexavalent chromium in the high-dose group of female mice in the NTP (2008) study. 

Therefore, Stout et ai. (2009) concluded from their analysis that the neoplasms in the small 

intestine of mice occurred at dose levels that did not exceed the estimated hexavalent chromium 

reduction capacity of the gastric juices in mice. 

4.7.3.3. Other Possible Modes of Action 

In the carcinogenic process, aberrant cell survival, proliferation, and tissue remodeling 

are known contributors to the etiology of cancer (Hanahan and Weinberg, 2000). Evidence of 

diffuse duodenal hyperplasia in mice in all exposure groups was observed in the 3-month NTP 

(2007) study. The sites where hyperplasia was observed correlated with the site of tumors 

observed in the 2-year bioassay (NTP, 2008). One mechanism of cellular proliferation known to 

occur following exposures to xenobiotic agents involves that of toxicity causing cellular death 

and consequent regenerative cellular proliferation, comprising a potential mode of action for 

carcinogenesis. However, the study by NTP noted that no evidence of tissue damage or necrosis 

was observed in these animals, and most of the available studies of hexavalent chromium

induced genetic damage observed genotoxicity at doses below those inducing cytotoxicity, 

particularly in studies showing dose-dependent genetic damage. 

Another acquired capability during tumor development is resistance to apoptosis, a 

hallmark of most if not all types of cancer (Hanahan and Weinberg, 2000). Apoptosis has been 

shown to occur following exposure to hexavalent chromium exposure (Flores and Perez, 1999; 

Ye et aI., 1999; Singh et aI., 1998). It is possible that the apoptotic cell death occurring after 
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hexavalent chromium exposure, initiated by ROS damage, altered cell signaling pathways, and 

genotoxic damage, occurs at levels that would not result in visible pathology or a regenerative 

response, but are significant enough to have an impact on the balance between cell survival and 

death. It has been proposed that in cells exposed to hexavalent chromium, apoptosis occurring in 

response to DNA damage, oxidative stress, or damage to mitochondria may serve as another key 

event in the carcinogenesis of hexavalent chromium, in that it allows for selection of cells that 

are resistant to apoptosis due to mutation and provides a means of clonal expansion for these 

cells (Nickens et aI., 2010). DNA damage leads to the induction of cell cycle checkpoints to 

assess and repair the genetic damage; if the damage is too severe to repair, the cell will be 

targeted for cell death. This removes a potentially mutagenic cell from the population, but other 

cells deemed sufficient for repair could still exist and incur mutations following error-prone 

repair processes. In this manner, cells that have mutations enabling them to elude apoptosis, 

whether they were the result of hexavalent chromium mutagenesis or pre-existing, are conferred 

a growth advantage. Cells may also avoid targeted death due to changes in gene expression that 

lead to upregulation of pro-inflammatory and/or anti-apoptotic genes. These processes could be 

temporally similar to those of DNA damage and mutation, and may serve to lay the groundwork 

for the acquisition of other carcinogenic traits, including uncontrolled cell growth, leading to 

tumor formation. Therefore, rather than an alternate mode of action per se, apoptosis induced by 

hexavalent chromium exposure is considered here to be a key event in the carcinogenic process. 

4.7.3.4. Conclusions About the Hypothesized Mode of Action 

As noted above, hexavalent chromium is hypothesized to be carcinogenic by a mutagenic 

mode of action. The key events in the hypothesized mutagenic mode of action are the uptake of 

hexavalent chromium into the cell followed by intracellular reduction to pentavalent, tetravalent, 

and trivalent chromium. These reduced forms of hexavalent chromium and the free radicals that 

are formed during the reduction process are capable of directly interacting with cellular 

components, giving rise to mutagenicity (including DNA adduct formation, DNA damage, gene 

mutations, chromosomal aberrations, and micronuclei formation). Considering the database, 

there is evidence that hexavalent chromium can accumulate and induce mutagenicity in various 

tissues throughout the body at doses relevant to human exposures and, for oral exposures, within 

the reductive capacity of the GI tract. 
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(1) Is the hypothesized mode of action sufficiently supported in the test animals? The 
experimental evidence that hexavalent chromium is mutagenic, as presented in 
Section 4.4.1, includes multiple adverse genetic effects including DNA adduct 
formation, DNA damage, gene mutations, chromosomal aberrations, and the 
formation of micronuclei. In addition to the evidence supporting a mutagenic mode 
of action in test animals, alternative or additional hypothesized modes of action for 
hexavalent chromium carcinogenicity have not been demonstrated. 

(2) Is the hypothesized mode of action relevant to humans? Mutagenicity is a well
established cause of carcinogenicity. The evidence discussed above demonstrates 
that hexavalent chromium is a mutagen in bacteria, yeast, cultured rodent and human 
cells, fruit flies, mice, and rats, supporting the presumption that it could also be a 
mutagen in humans. Moreover, several studies of exposed workers provide direct 
evidence of DNA damage by hexavalent chromium. In conclusion, the weight of 
evidence supports a mutagenic mode of action for hexavalent chromium 
carcinogenicity. 

(3) Which populations or lifestages can be particularly susceptible to the hypothesized 
mode of action? The mutagenic mode of action is considered relevant to all 
populations and lifestages. According to U.S. EPA's Supplemental Guidance (U.S. 
EPA, 2005b), there may be increased susceptibility to early-life exposures for 
carcinogens with a mutagenic mode of action. Therefore, because the weight of 
evidence supports a mutagenic mode of action for hexavalent chromium 
carcinogenicity and in the absence of chemical-specific data to evaluate differences in 
susceptibility, early-life susceptibility should be assumed and the age-dependent 
adjustment factors (ADAFs) should be applied, in accordance with the Supplemental 
Guidance. In addition, individuals with genetic polymorphisms conveying 
deficiencies in DNA repair capacity may have increased susceptibility to hexavalent 
chromium carcinogenicity. 

4.7.3.5. Mutagenic Across All Routes of Exposure 

As summarized previously, following inhalation exposures, hexavalent chromium has 

been shown to induce lung tumors in a number of human occupational studies, as well as tumors 

at or near the site of entry in animal studies. Evidence also exists, however, that ingested 

hexavalent chromium can reach the systemic circulation and affect tissues beyond those at or 

near the site of entry. In addition to hexavalent chromium toxicity in the lungs, it can be 

absorbed by the lung when inhaled and can then enter systemic circulation. Consistent with this 

evidence, DNA damage, micronucleus induction, and sister chromatid exchanges have been 

observed in circulating peripheral lymphocytes from workers exposed to inhalation 

concentrations as low as 7.5 and 24.9 llg/m3 (Benova et aI., 2002), and for durations of 4 months 

to 14 years (Gambelunghe et aI., 2003), 0.5-18 years (Stella et aI., 1982),2->20 years (Benova 

et aI., 2002), or 4-25 years (Vaglenov et aI., 1999). These studies indicate that, while tumor 

incidence following inhalation exposure to hexavalent chromium occurs primarily in the lungs, 

hexavalent chromium also has the capacity to damage DNA in other tissues at timepoints and 

concentrations relevant to human exposures. 
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EP A has concluded that hexavalent chromium is carcinogenic by a mutagenic mode of 

action. Considering the available oral and inhalation evidence for mutagenicity and subsequent 

carcinogenicity and that these events are capable of occurring in all cells, this mode of action is 

considered to be applicable to all routes of exposure. 

4.8. SUSCEPTIBLE POPULATIONS AND LIFE STAGES 

4.8.1. Possible Childhood Susceptibility 

No studies are available that address the possible adverse effects of hexavalent chromium 

in children. However, there is evidence that hexavalent chromium may act through a mutagenic 

mode of action. In accordance with the Supplemental Guidance (D. S. EPA, 2005b), the 

mutagenic mode of carcinogenic action for hexavalent chromium would indicate an increased 

carcinogenic susceptibility for early-life exposures. In addition, developmental toxicity also is of 

concern due to the mutagenicity of hexavalent chromium and the possibility for genetic damage 

to the germ cells of the F 1 generation that could be transmitted to the F2 generation. The 

reproductive and developmental toxicity studies that have been conducted employing hexavalent 

chromium suggest that the developing fetus may be a target of toxicity, as well as male and 

female reproductive organs, which may result in a reduction in fertility. 

4.8.2. Possible Gender Differences 

The extent to which men and women differ in susceptibility to hexavalent chromium is 

unknown. However, animal data exist that imply a difference between males and females in 

their response to ingestion of hexavalent chromium. For example, in the NTP (2008) study, at 

the highest concentration administered (516 mglL), female rats exhibited a higher incidence of 

tumors of the oral cavity than male rats (i.e., 11/48 [23%] vs. 7/50 [14%], respectively). The 

biological significance of this finding at lower doses and for other species, including humans, is 

unknown. 
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5. DOSE-RESPONSE ASSESSMENTS 

5.1. ORAL REFERENCE DOSE (RID) 

5.1.1. Choice of Principal Study and Critical Effect-with Rationale and Justification 

Two types of studies are available that provide information on the toxicological effects of 

ingested chromium in humans. The first type of study provides evidence of acute human health 

effects in individuals who accidentally or intentionally ingested high (fatal or near-fatal) doses of 

hexavalent chromium. The second type of study provides evidence of chronic human health 

effects (primarily cancer) in populations exposed unintentionally to food or drinking water 

containing high levels of hexavalent chromium over an extended time period. Because both 

types of studies provide little information on dose-response relationships and because the second 

type of study is primarily concerned with cancer as an outcome, these available human data are 

not useful for quantifying the risk of noncancer effects resulting from chronic exposure to 

hexavalent chromium. 

In animals, the effects of subchronic oral exposure to hexavalent chromium have been 

evaluated in rats (NTP, 2007; Quinteros et aI., 2007; Rafael et aI., 2007; Acharya et aI., 2001; 

Chopra et aI., 1996; Vyskocil et aI., 1993) and mice (NTP, 2007; Asmatullah and Noreen, 1999), 

and the effects of chronic oral exposure to hexavalent chromium have been evaluated in rats 

(NTP, 2008; MacKenzie et aI., 1958), mice (NTP, 2008), and dogs (Anwar et aI., 1961). In 

particular, the sub chronic and chronic studies conducted by NTP (2008, 2007) provide the most 

useful dose-response data on the noncancer effects of oral hexavalent chromium exposure 

because of their comprehensive assessments of numerous toxicological endpoints at multiple 

dose levels. A number of other studies of reproductive and developmental toxicity of hexavalent 

chromium have been conducted in rats, mice, and rabbits, but typically at higher doses and for 

shorter durations than the NTP (2008, 2007) studies. All of these animal studies are summarized 

in Table 4-26. 

Results from the NTP (2007) subchronic (i.e., 90-day) study identified several hexavalent 

chromium-induced noncancer effects, including hematological effects, hepatotoxicity, alterations 

in lipid metabolism, and histopathological changes in GI tissues and pancreatic and mesenteric 

lymph nodes. The most sensitive hexavalent chromium-induced noncancer effects were 

microcytic, hypochromic anemia, increased serum liver enzyme activities, and histopathological 

changes to the duodenum and pancreatic lymph nodes in rats; and histopathological changes in 

the duodenum in mice. In the 2-year toxicology and carcinogenicity study by NTP (2008), the 

most sensitive noncancer effects identified were histopathological changes to the liver, 

duodenum, and mesenteric lymph nodes in rats; and in the duodenum, mesenteric lymph nodes, 

and liver in mice. LOAELs of 1.7-3.1 mg hexavalent chromium/kg-day were identified by EPA 
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in the subchronic NTP (2007) study, and LOAELs of 0.24-0.77 mg hexavalent chromium/kg

day were identified by EPA in the chronic NTP (2008) study. 

Other subchronic and chronic oral exposure studies of hexavalent chromium compounds 

do not provide suitable data for identifying points of departure (PODs) for RID derivation 

because comprehensive toxicological evaluations were not conducted in these studies. In 

addition, interpretation of results from these studies was compromised because of the small 

number of animals evaluated, lack of a dose-response relationship, or inadequate reporting of 

results (see Table 4-26). Where LOAELs were identified based on examination of a limited set 

of endpoints (e.g., Acharya et aI., 2001; Chopra et aI., 1996), the LOAELs were higher than 

those identified in the chronic NTP (2008) bioassay. 

Studies of reproductive and developmental toxicity indicate that hexavalent chromium 

exposure can affect reproductive organs, increase pre- and postnatal implantation loss, and cause 

reduced fetal weight and fetal abnormalities. In general, the NOAELs or LOAELs associated 

with reproductive and developmental effects are higher than those identified in the subchronic 

and chronic toxicity studies summarized in Table 4-26. 

Thus, based on the comprehensive examination of endpoints and measurement of 

sensitive endpoints of toxicity, the bioassays by NTP (2008, 2007) were deemed the best 

candidates for use in deriving an oral RID for hexavalent chromium. Specifically, five studies, 

three subchronic (i.e., one in rats and two in mice) (NTP, 2007) and two chronic (i.e., one in rats 

and one in mice) (NTP, 2008), were identified as candidate principal studies. The key results 

from these five studies are summarized below. 

5.1.1.1. Subchronic Studies 

NTP (2007) 90-day studies in rats and mice 

In F344IN rats, sodium dichromate dihydrate was administered in drinking water to 

groups of males and females at five different concentrations for 90 days. Based on average 

water consumption rates, the mean effective doses of hexavalent chromium were estimated by 

NTP to be 0, 1.7,3.5, 5.9, 11.2, and 20.9 mg/kg-day for both males and females. Results of this 

study identified a LOAEL in male and female rats of 1.7 mg hexavalent chromium/kg-day; a 

NOAEL was not identified because effects were observed at the lowest dose tested. This 

LOAEL was based on observations of microcytic, hypochromic anemia, increased serum liver 

enzyme activities, and histopathological changes to pancreatic lymph nodes (in males) and 

histopathological changes to the duodenum (in females) at daily doses 2':1.7 mg hexavalent 

chromium/kg-day. 

In B6C3F 1 mice, groups of males and females were exposed to sodium dichromate 

dihydrate in drinking water for 90 days. Based on water consumption monitored throughout the 

study, NTP calculated average daily doses over the 90-day treatment duration of approximately 

0,3.1, 5.3, 9.1, 15.7, and 27.9 mg hexavalent chromium/kg-day for both males and females. 
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Based on histopathological changes (histiocytic cellular infiltration) in the duodenum in both 

sexes, a LOAEL of 3.1 mg hexavalent chromium/kg-day was identified for male and female 

mice; a NOAEL was not identified because the effects observed were at the lowest dose tested. 

In a comparative 90-day drinking water study in male B6C3F 1, BALB/c, and 

am3-C57BL/6 mice, groups of each strain were exposed to three different concentrations of 

sodium dichromate dihydrate. Based on water consumption and body weights monitored 

throughout the study, NTP calculated average daily doses over the 90-day treatment duration of 

approximately 0,2.8, 5.2, or 8.7 mg hexavalent chromium/kg-day for all strains. At the end of 

the study, similar effects were observed in all three strains. A LOAEL of 2.8 mg hexavalent 

chromium/kg-day was identified based on histopathological changes in the duodenum in B6C3F 1 

mice (histiocytic cellular infiltration and diffuse epithelial hyperplasia), BALB/c mice 

(histiocytic cellular infiltration), and am3-C57BL/6 mice (diffuse epithelial hyperplasia); a 

NOAEL was not identified because effects seen were at the lowest dose tested. 

5.1.1.2. Chronic Studies 

NTP (2008) 2-year studies in rats and mice 

In F344IN rats, groups of 50 males and females were administered sodium dichromate 

dihydrate in drinking water at four different concentrations for 2 years. Based on measured 

water consumption rates and body weights in rats, NTP estimated that male rats received time

weighted average doses of hexavalent chromium of 0.21, 0.77, 2.1, or 5.9 mg/kg-day, while 

female rats received 0.24,0.94,2.4, or 7.0 mg/kg-day of hexavalent chromium. This study 

identified NOAEL and LOAEL values for noncancer effects in male rats of 0.21 and 0.77 mg 

hexavalent chromium/kg-day, respectively, based on increased incidences of nonneoplastic 

histopathological changes to the liver (basophilic foci), duodenum (histiocytic cellular infiltrate), 

and mesenteric lymph nodes (histiocytic cellular infiltrate and hemorrhage). In female rats, a 

LOAEL for noncancer effects of 0.24 mg hexavalent chromium/kg-day was identified based on 

the increased incidence of chronic inflammation of the liver (observed in all treatment groups); a 

NOAEL was not identified because effects observed were at the lowest dose tested. 

In B6C3F 1 mice, groups of 50 males and females were administered sodium dichromate 

dihydrate in drinking water at four different concentrations for 2 years. Based on measured 

amounts of water consumption and body weights in mice, NTP estimated that male mice 

received average doses of hexavalent chromium of 0.38, 0.91, 2.4, or 5.9 mg/kg-day, while 

female mice received 0.38,1.4,3.1, or 8.7 mg/kg-day of hexavalent chromium. This study 

identified a LOAEL for noncancer effects of 0.38 mg hexavalent chromium/kg-day in both male 

and female B6C3F 1 mice; a NOAEL value was not identified because effects seen were at the 

lowest dose administered. In males, the LOAEL was based on increased incidences of 

histopathological changes to the duodenum (diffuse epithelial hyperplasia) and mesenteric lymph 

nodes (histiocytic cellular infiltration); in females, the LOAEL was based on increased 
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incidences of histopathological changes to the duodenum (diffuse epithelial hyperplasia), 

mesenteric lymph nodes (histiocytic cellular infiltration), liver (histiocytic cellular infiltration), 

and pancreas (depletion of cytoplasmic zymogen granules). 

The NTP (2008) study was of chronic duration (i.e., 2 years), involved the use of multiple 

dose groups, and included a comprehensive evaluation of multiple endpoints. Also, this bioassay 

used lower doses than the subchronic (90-day) studies also conducted by NTP (2007), and thus 

provided dose-response information at lower exposure levels than the 90-day studies. 

Additionally, the chronic NTP (2008) study was more sensitive, yielding lower LOAELs than 

the subchronic studies. Thus, the chronic NTP (2008) study was selected as the principal study. 

As indicated, NTP (2008) observed several hexavalent chromium-induced noncancer 

effects in their chronic studies in rats and mice. Based on a comparison of LOAELs in rats and 

mice (see Table 4-26), the lowest LOAELs were observed for the following seven effects: 

(1) Chronic liver inflammation in female rats, 

(2) Histiocytic cellular infiltration in the liver of female mice, 

(3) Diffuse epithelial hyperplasia in the duodenum of male mice, 

(4) Diffuse epithelial hyperplasia in the duodenum of female mice, 

(5) Histiocytic cellular infiltration in the mesenteric lymph nodes of male mice 

(6) Histiocytic cellular infiltration in the mesenteric lymph nodes of female mice, and 

(7) Cytoplasmic cellular alteration of acinar epithelial cells in the pancreas of female 
mIce. 

All of these effects occurred at the lowest doses tested (i.e., 0.24 mg/kg-day in female 

rats and 0.38 mg/kg-day in male and female mice), and were considered as possible critical 

effects for derivation of the RID for hexavalent chromium. The incidences of these seven effects 

across all treatment groups in NTP (2008) are shown in Table 5-1. 
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Table 5-1. Incidence data for lesions in female F344IN rats and male and 
female B6C3F 1 mice exposed to sodium dichromate dihydrate in drinking 
water for 2 years 

Dose 
(mg hexavalent chromium/kg-d) 

Endpoint 0 0.24 0.94 2.4 

Female rats 

Liver: chronic inflammation 12/S0 21/S0a 28/S0b 3S/S0b 

Dose 
(mg hexavalent chromium/kg-d) 

0 0.38 0.91 2.4 

Male mice 

Duodenum: diffuse epithelial hyperplasia O/SO I1/S0b 18/S0b 42/S0b 

Mesenteric lymph node: histiocytic cellular infiltration 14/47 38/47b 31/49b 32/49b 

Dose 

7.0 

39/S0b 

5.9 

32/S0a 

42/46a 

(mg hexavalent chromium/kg-d) 

0 0.38 

Female mice 

Duodenum: diffuse epithelial hyperplasia O/SO 16/S0b 

Mesenteric lymph node: histiocytic cellular infiltration 3/46 29/48b 

Liver: histiocytic cellular infiltration 2/49 IS/SOb 

Pancreas: acinus, cytoplasmic alteration 0/48 6/S0a 

aSignificantly different (p ::; O.OS) from the control group by Dunn's or Shirley's test. 
bSignificantly different (p::; 0.01) from the control group by Dunn's or Shirley's test. 

Source: NTP (2008). 

5.1.2. Methods of Analysis-Including Models (PBPK, BMD, etc.) 

1.4 3.1 8.7 

3S/S0b 31/S0b 42/S0b 

26/46b 40/S0b 42/S0b 

23/S0b 32/S0b 4S/S0b 

6/49a 14/S0b 32/S0b 

To determine the specific endpoint for use in derivation of the RID, all available 

dichotomous models in US. EPA's Benchmark Dose Software (BMDS), version lA.l, were fit 

to the incidence data for the seven selected endpoints (see Table 5-1) in female rats and male and 

female mice administered sodium dichromate dihydrate in drinking water for 2 years (NTP, 

2008). The incidence data employed in the benchmark dose (BMD) modeling of these seven 

endpoints also are shown in Table 5-1. Doses (i.e., the benchmark dose [BMDlOJ and the 95% 

lower confidence limit on the benchmark dose [BMDLlO]) associated with a benchmark response 

(BMR) of 10% extra risk were estimated by each model. In accordance with US. EPA's 

Benchmark Dose Technical Guidance Document (US. EPA, 2000b), a BMR of 10% is generally 

used in the absence of information regarding what level of change is considered biologically 

significant, and also to facilitate a consistent basis of comparison across assessments. 

Details of the BMD modeling conducted for each endpoint presented in Table 5-1 are 

provided in Appendix B. In general, model fit was assessed by a chi-square goodness-of-fit test 

(i.e., models with p < 0.1 failed to meet the goodness-of-fit criterion) and the Akaike' s 
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Information Criterion (AIC) value (i.e., a measure of the deviance of the model fit that allows for 

comparison across models for a particular endpoint). Of the models exhibiting adequate fit, the 

model yielding the lowest AIC value was selected as the best-fit model (as long as the BMDL 

estimates across the models exhibiting adequate fit were "sufficiently close"). If more than one 

model shared the lowest AIC, BMDLlO values from these models were averaged to obtain a POD 

(U.S. EPA, 2000b). 

For chronic liver inflammation in female rats with all dose groups included, only the log

logistic model provided an adequate fit, as assessed by the chi-square goodness-of-fit statistic, 

yielding BMDlO and BMDLlO values of 0.22 and 0.14 mg hexavalent chromium/kg-day, 

respectively. For diffuse epithelial hyperplasia in the duodenum of male mice with all dose 

groups included, none of the dichotomous models in BMDS provided an adequate fit to the data 

(i.e., X2 p-value < 0.1). After dropping the high-dose group, the gamma, log-logistic, multistage, 

log-probit, quantallinear, and Weibull models provided adequate fits to the data (i.e., X2 p-value 

?: 0.1). As assessed by comparing AIC values, the multistage and quantallinear models provided 

the best fit, yielding BMDlO and BMDLlO values of 0.16 and 0.13 mg hexavalent chromium/kg

day, respectively. For diffuse epithelial hyperplasia in the duodenum of female mice with all 

dose groups included, none of the dichotomous models in BMDS provided an adequate fit to the 

data (i.e., X2 p-value < 0.1). Only after dropping the two highest dose groups was an adequate fit 

achieved for any model. In this instance, all of the dichotomous models in BMDS, except the 

logistic and probit models, provided an adequate fit to the data (i.e., X2 p-value ?: 0.1). As 

assessed by comparing the AIC values, the best fit was provided by several models (i.e., gamma, 

multistage, quantallinear, and Weibull), yielding BMDlO and BMDLlO values of 0.12 and 0.09 

mg hexavalent chromium/kg-day, respectively. For histiocytic cellular infiltration in the liver of 

female mice with all dose groups included, only the log-logistic model provided an adequate fit 

to the data (i.e., X2 p-value ?: 0.1), yielding BMDlO and BMDLlO values of 0.17 and 0.12 mg 

hexavalent chromium/kg-day, respectively. For cytoplasmic alteration of acinar epithelial cells 

of the pancreas in female mice, all of the dichotomous models in BMDS provided adequate fits 

to the data (i.e., X2 p-value ?: 0.1). As assessed by comparing AIC values, the log-logistic model 

produced the best fit, yielding BMDlO and BMDLlO values of 0.68 and 0.52 mg hexavalent 

chromium/kg-day, respectively. Finally, for lesions of the mesenteric lymph nodes (i.e., 

histiocytic cellular infiltration) in both male and female mice, none of the available dichotomous 

models in BMDS provided adequate fits to the data, even with the two highest doses dropped 

from the analysis; thus, data sets for these lesions were considered to be unsuitable for BMD 

modeling. Therefore, the LOAEL of 0.38 mg hexavalent chromium/kg-day for histiocytic 

cellular infiltration of the mesenteric lymph nodes in male and female mice serves as the 

candidate POD for this endpoint. 
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A summary of this BMD modeling information is presented in Table 5-2, and further 

details of this modeling are contained in Appendix B-1. 

Table 5-2. Summary of BMDIO and BMDLIO from the best fitting models for 
lesions of the liver, duodenum, mesenteric lymph nodes, and pancreas in 
female rats and male and female mice after exposure to sodium dichromate 
dihydrate in drinking water for 2 years (NTP, 2008) 

Number BMDa BMDLa 

Endpoint Species/sex Model of doses (mg/kg-d) (mg/kg-d) 

Liver: chronic Rat/female Log-logistic 5 0.22 0.14 
inflammation 

Duodenum: diffuse Mouse/male I-Degree polynomial 4 0.16 0.13 
epithelial hyperplasia multistage/quantallinear 

Mesenteric lymph Mouse/male - - - -

node: histiocytic 
cellular infiltrationb 

Duodenum: diffuse Mouse/female Gamma/multistage/quantal 3 0.12 0.09 
epithelial lineariW eibull 
hyperplasia 

Mesenteric lymph Mouse/female - - - -

node: histiocytic 
cellular infiltrationb 

Liver: histiocytic Mouse/female Log-logistic 5 0.17 0.12 
cellular infiltration 

Pancreas: acinus, Mouse/female Log-logistic 5 0.68 0.52 
cytoplasmic 
alteration 

aBMDs and BMDLs from dichotomous data are associated with a 10% exira risk; doses are in terms of mg 
hexavalent chromiumlkg-d. 
bNone of the models provided an adequate fit to the data. 

BMDL = lower confidence limit (95%) on the BMD 

Source: ATSDR (2008). 

The lowest BMDLlO value of 0.09 mg hexavalent chromium/kg-day, based on the 

selection of the incidence of diffuse epithelial hyperplasia of the duodenum in female mice as the 

critical effect, was identified as the POD from which to derive the RID for hexavalent chromium. 

As indicated in Section 4, due to its morphological similarity to adenoma, focal epithelial 

hyperplasia was classified as a preneoplastic lesion by NTP (2008), and so the possibility exists 

that diffuse epithelial hyperplasia may also represent a preneoplastic lesion. However, even 

though this possibility exists and thus this lesion may progress to cancer (i.e., adenoma) in some 

cases, the EPA considers the selection of this critical effect on which to base the derivation of the 

RID (a noncancer endpoint) to be appropriate because definitive data on the progression of this 

particular lesion do not currently exist. 
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5.1.3. RID Derivation-Including Application of Uncertainty Factors (UFs) 

The following UFs were applied to the POD of 0.09 mg/kg-day, based on the incidence 

of diffuse epithelial hyperplasia of the duodenum in female mice from NTP (2008), to derive the 

RID for hexavalent chromium. 

• A UF of 10 was used to account for uncertainty in extrapolating from laboratory 
animals to humans (i.e., interspecies variability) because information was 
unavailable to quantitatively assess toxicokinetic or toxicodynamic differences 
between animals and humans. 

• A UF of 10 was used to account for variation in susceptibility among members of 
the human population (i.e., interindividual variability) because information is 
unavailable to predict potential variability in human susceptibility. 

• A UF was not needed to account for extrapolation from subchronic-to-chronic 
exposure because a chronic study was used to derive the chronic RID. 

• A UF for LOAEL to NOAEL extrapolation was not used because the current 
approach is to address this extrapolation as one of the considerations in selecting a 
BMR for BMD modeling. In this case, a BMR represented by a 10% extra risk of 
diffuse epithelial hyperplasia was selected under an assumption that it represents a 
minimal biologically significant change. 

• A UF of 1 was used to account for database deficiencies. The toxicity of ingested 
hexavalent chromium has been extensively examined in a range of animal 
toxicology studies. The database for oral toxicity includes a chronic drinking water 
study in rats and mice, a chronic drinking water study in rats, a subchronic drinking 
water study in rats and mice, and a number of reproductive/developmental toxicity 
studies in monkeys, rabbits, rats, and mice. The reproductive toxicity database 
includes a continuous breeding study (NTP, 1997), in which Fo and FI generation 
animals were exposed to hexavalent chromium in the diet, and the offspring of 
F I animals were evaluated on PND 21. 

For this assessment, the RID of 0.0009 or 9 x 10-4 mg/kg-day for hexavalent chromium 

was derived by dividing the BMDLlO (or POD) of 0.09 mglkg-day by a composite uncertainty 

factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 

5.1.4. Previous RID Assessment 

The previous RID assessment for hexavalent chromium was completed in September 

1998. The previous RID was based on a NOAEL identified from a I-year drinking water study 

in rats in which animals were exposed to hexavalent chromium (as potassium chromate) at a 

dose of2.5 mg/kg-day (MacKenzie et aI., 1958). No toxicity was reported in these animals at 

this dose, resulting in identification of a NOAEL of 2.5 mglkg-day, the only dose administered in 
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the study, as the POD. A composite uncertainty factor of300 (10 for interspecies extrapolation, 

10 for intraspecies extrapolation, and 3 for subchronic to chronic extrapolation) and a modifying 

factor of 3 (to account for concerns raised by the epidemiology study of Zhang and Li, 1987) 

were applied to this POD to yield an oral RID of 3 x 10-3 mg/kg-day. 

5.2. UNCERTAINTIES IN THE ORAL REFERENCE DOSE 

The following discussion identifies uncertainties associated with the RID for hexavalent 

chromium. As presented above, an RID of 9 x 10-4 mg/kg-day was derived based on the 

incidence of diffuse epithelial hyperplasia of the duodenum in female mice from a 2-year 

drinking water study (NTP, 2008). UFs were applied to the POD, a BMDLlO generated through 

BMD modeling. Factors accounting for uncertainties associated with a number of steps in the 

analyses were adopted to account for extrapolating from an animal bioassay to humans with 

varying suscepti bili ti es. 

An adequate range of animal toxicology data is available for the hazard assessment of 

hexavalent chromium via ingestion, as described previously in Chapter 4. The database of oral 

toxicity studies includes a chronic drinking water study in rats and mice, a chronic drinking 

water study in rats, a subchronic drinking water study in rats and mice, and several 

reproductive/developmental toxicity studies in monkeys, rabbits, rats, and mice. Toxicity 

associated with oral exposure to hexavalent chromium is observed in the liver, GI tract, and 

reproductive organs, with the liver and GI tract being the most sensitive target organs. 

Consideration of the available dose-response data to determine an estimate of oral 

exposure that is likely to be without an appreciable risk of adverse health effects over a lifetime 

led to the selection of the 2-year drinking water study in F344IN rats and B6C3F 1 mice (NTP, 

2008) and increased incidence of diffuse epithelial hyperplasia in the duodenum of female mice 

as the principal study and critical effect, respectively, for deriving the RID for hexavalent 

chromium. 

The selection of the BMD model for identifying the POD does not lead to significant 

uncertainties since benchmark effect levels were within the range of the experimental data. 

However, the selected models do not represent all possible models one might fit, and other 

models could be selected to yield more extreme results, both higher and lower than those 

included in this assessment. 

Animal-to-human extrapolation yields further uncertainties. The effect and the 

magnitude of this effect associated with the dose at the POD in mice are extrapolated to humans. 

Pharmacokinetic models are useful to examine species differences in pharmacokinetic 

processing; however, dosimetric adjustment using pharmacokinetic modeling was not possible 

for the toxicity observed following oral exposure to hexavalent chromium. Information was 

unavailable to quantitatively assess toxicokinetic or toxicodynamic differences between animals 
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and humans. Accordingly, a 10-fold UF was used to account for uncertainty in extrapolating 

from laboratory animals to humans in the derivation of the RID. 

Heterogeneity among humans is another area of uncertainty. In the absence of 

hexavalent chromium-specific data on variation in human response, a factor of 10 was used in 

the derivation of the RID. Human variation may be larger or smaller than this 10-fold factor; 

however, hexavalent chromium-specific data to examine the potential magnitude of over- or 

underestimation are unavailable. 

5.3. ORAL CANCER ASSESSMENT 

5.3.1. Choice of StudylData-with Rationale and Justification 

Several epidemiology studies have examined the association between oral exposure to 

environmental hexavalent chromium and cancer in populations that resided near sources of 

industrial waste containing hexavalent chromium compounds, including studies of populations in 

Liaoning Province, China (Kerger et aI., 2009; Beaumont et aI., 2008; Zhang and Li, 1997, 1987, 

1980), Kings County/San Bernardino County, California (Fryzek et aI., 2001), Nebraska (Bednar 

and Kies, 1991), and Glasgow, United Kingdom (Eizaguirre-Garcia et aI., 2000, 1999). The 

Liaoning Province studies provide some evidence of an excess risk of mortality from stomach 

cancer; however, because of various limitations, including limited characterization of exposure, 

the Liaoning Province studies are not considered adequate for dose-response analysis. 

The NTP rodent bioassay, in which F344IN rats and B6C3F 1 mice were administered 

sodium dichromate dihydrate, a hexavalent chromium compound, in drinking water for 2 years 

(NTP, 2008), was selected as the basis for deriving the oral cancer slope factor (CSF) for 

hexavalent chromium. This bioassay was selected for dose-response assessment because it is a 

well-conducted lifetime animal study of hexavalent chromium carcinogenicity via ingestion (see 

detailed summary of the study in Section 4.2.2). No other adequate studies of hexavalent 

chromium carcinogenicity by ingestion are available. 

5.3.2. Dose-Response Data 

The dose-response data considered in the derivation of the CSF for hexavalent chromium 

were the incidences of benign and malignant tumors in rat oral mucosa and mouse small intestine 

observed in the NTP (2008) bioassay. 

Incidence data for neoplastic lesions of the oral cavity in male and female rats exposed to 

sodium dichromate dihydrate in drinking water for 2 years are summarized in Table 4-15. 

Neoplasms observed in the oral cavity of treated rats were squamous cell carcinoma of the oral 

mucosa (both sexes), squamous cell papilloma of the oral mucosa (males only), squamous cell 

carcinoma of the tongue (both sexes), and squamous cell papilloma of the tongue (both sexes). 

The incidences of squamous cell carcinoma of the oral mucosa (13.6%) and of combined 

squamous cell papilloma or carcinoma (15.7%) of the oral mucosa were statistically significantly 
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increased (at p < 0.05) in male rats treated with 5.9 mg/kg-day hexavalent chromium (the highest 

dose tested) compared with controls. The incidences of squamous cell carcinoma of the oral 

mucosa (23.9%) and of combined squamous cell carcinoma of the oral mucosa or tongue 

(23.9%) were statistically significantly increased (atp < 0.05) in female rats treated with 7.0 mg 

hexavalent chromium/kg-day (the highest dose tested) compared with controls. The incidences 

of other neoplastic lesions of the oral cavity were not statistically significantly increased in any 

treatment group in male or female rats compared with controls, although the incidence of 

squamous cell carcinoma of the oral mucosa in female rats in the penultimate (2.4 mg/kg-day) 

dose group (4.6%) exceeded that of historical controls (i.e., 0/300 in drinking water studies; 

511,400 [0.4%] by all routes of exposure). Other neoplasms observed in treated rats included 

pancreatic acinar adenomas and benign pheochromocytomas in males and mononuclear cell 

leukemias in females (see Table 4-16); however, the incidence of these neoplasms did not exhibit 

dose-dependence. Thus, NTP (2008) concluded that evidence of a relationship between 

neoplastic changes in tissues other than the oral cavity and exposure to sodium dichromate 

dihydrate was equivocal. In summary, exposure of rats to sodium dichromate dihydrate in 

drinking water for 2 years resulted in a significant increase in squamous epithelial neoplasms of 

the oral mucosa and tongue at the highest exposure levels (average daily doses of 5.9 and 7.0 mg 

hexavalent chromium/kg-day in males and females, respectively), but not at the three lower 

exposure levels. The incidences of squamous cell papillomas or carcinomas in the oral cavity of 

male and female F3441N rats exposed to sodium dichromate dihydrate in drinking water for 

2 years in the NTP (2008) study are presented in Table 5-3 (for male rats) and Table 5-4 (for 

female rats). 
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Table 5-3. Incidences of squamous cell papillomas or carcinomas in the oral 
cavity of male F344IN rats exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Sodium dichromate dihydrate Estimated daily intake of hexavalent 
concentration chromiuma Incidence of squamous cell 

(mg/L) (mg/kg-d) papillomas or carcinomasb 

0 0 0/50 (0%) 

14.3 0.21 1/50 (2%) 

57.3 0.77 0/49 (0%) 

172 2.1 0/50 (0%) 

516 5.9 7/49 (14.5%)" 

aIntakes were reported by NTP (2008) based on drinking water intakes and mean body weights observed during the 
study. 
bNumber of animals with lesion/number of animals examined. Incidence estimates include all animals that were 
examined for oral tumors unadjusted for survival. 
cStatisticaily significantly elevated above control at p < 0.05 using Fisher's exact test. 

Source: NTP (2008). 

Table 5-4. Incidences of squamous cell papillomas or carcinomas in the oral 
cavity of female F344IN rats exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Sodium dichromate dihydrate Estimated daily intake of hexavalent 
concentration chromiuma Incidence of squamous cell 

(mg/L) (mg/kg-d) papillomas or carcinomasb 

0 0 1/50 (2%) 

14.3 0.24 1/50 (2%) 

57.3 0.94 0/50 (0%) 

172 2.4 2/50 (4%) 

516 7.0 11/50 (22%)" 

aIntakes were reported by NTP (2008) based on drinking water intakes and mean body weights observed during the 
study. 
bNumber of animals with lesion/number of animals examined. Incidence estimates include all animals that were 
examined for oral tumors unadjusted for survival. 
cStatisticaily significantly elevated above control at p < 0.05 using Fisher's exact test. 

Source: NTP (2008). 

Also from the NTP (2008) study, incidence data for neoplastic lesions of the small 

intestine in male and female B6C3F 1 mice exposed to sodium dichromate dihydrate in drinking 

water for 2 years are summarized in Table 4-19. In male mice, statistically significant increases 

(p < 0.05) were observed in the incidences of adenomas or carcinomas combined in the small 

intestine (duodenum, jejunum, and ileum) at hexavalent chromium doses 2':2.4 mg/kg-day (i.e., at 

the two highest doses tested). Furthermore, significant positive trends were observed in the 

incidences of duodenal adenomas, duodenal carcinomas, jejunal adenomas, small intestine 
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adenomas, small intestine carcinomas, and small intestine adenomas or carcinomas combined in 

male mice. In female mice, statistically significant increases (p < 0.05) were observed in the 

incidences of duodenal adenomas, small intestine adenomas, and small intestine adenomas or 

carcinomas combined at hexavalent chromium doses 2':3.1 mg/kg-day (i.e., at the two highest 

doses tested). Furthermore, significant positive trends were observed in the incidences of 

duodenal adenomas, duodenal carcinomas, jejunal adenomas, small intestine adenomas, and 

small intestine adenomas or carcinomas combined in female mice. No other statistically or 

biologically significant increases in neoplasms were observed in other tissues. 

In summary, exposure of B6C3F 1 mice to sodium dichromate dihydrate in drinking water 

for 2 years resulted in statistically significant increases in the incidences of neoplasms of the 

small intestine in males and females at hexavalent chromium doses 2':2.4 and 2':3.1 mg/kg-day, 

respectively. The incidences of adenomas and carcinomas combined in the small intestine of 

male and female B6C3F 1 mice exposed to sodium dichromate dihydrate in drinking water for 

2 years are summarized in Tables 5-5 and 5-6, respectively. In evaluating the tumor incidences 

in rats and mice, the mouse was determined to be the most sensitive species because tumor 

incidences were statistically significantly elevated at lower doses and a greater response was 

exhibited by the mice at the two highest doses. Therefore, the mouse tumor incidence data were 

used as the basis for the oral CSF derived employing BMD modeling. 

Table 5-5. Incidences of adenomas and carcinomas combined in the small 
intestine of male B6C3F 1 mice exposed to sodium dichromate dihydrate in 
drinking water for 2 years 

Sodium dichromate dihydrate Estimated daily intake of 
concentration hexavalent chromiuma Incidence of adenomas or 

(mg/L) (mg/kg-d) carcinomasb 

0 0 1149 (2%) 

14.3 0.38 3/49 (6.1%) 

28.6 0.91 2/49 (4.1%) 

85.7 2.4 7/50 (14%)" 

257.4 5.9 20148 (41.7%)" 

aIntakes were reported by NTP (2008) based on drinking water intakes and mean body weights observed during 
the study. 
bCalculated from reported percentages of mice with adenomas or carcinomas. Incidence estimates included all 
animals that were examined for intestinal tumors and survived for at least 451 days. In each of the control and 
first two dose groups, one animal died prior to day 451. In the high-dose group, two animals died prior to 
day 451. None of these animals were found to have intestinal adenomas or carcinomas at the time of death. 
cStatistically significantly elevated above control at p < 0.05 using Fisher's exact test. 

Source: NTP (2008). 
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Table 5-6. Incidences of adenomas and carcinomas combined in the small 
intestine of female B6C3F 1 mice exposed to sodium dichromate dihydrate 
in drinking water for 2 years 

Sodium dichromate dihydrate Estimated daily intake of 
concentration hexavalent chromiuma Incidence of adenomas or 

(mg/L) (mg/kg-d) carcinomasb 

0 0 1/49 (2%) 

14.3 0.38 1/50 (2%) 

57.3 1.4 4/49 (8.2%) 

172 3.1 17/49 (34.7%)" 

516 8.7 22/49 (44.9%)" 

aIntakes were reported by NTP (2008) based on drinking water intakes and mean body weights observed during 
the study. 
bCalcuiated from reported percentages of mice with adenomas or carcinomas. Incidence estimates included all 
animals that were examined for intestinal tumors and survived for at least 451 days. In all of the dose groups 
except the low-dose group, one animal died prior to day 451. None of these animals were observed to have 
intestinal adenomas or carcinomas at the time of death. 
cStatisticaily significantly elevated above control at p < 0.05 using Fisher's exact test. 

Source: NTP (2008). 

5.3.3. Dose Adjustments and Extrapolation Method(s) 

U.S. EPA Guidelinesfor Carcinogen Risk Assessment (U.S. EPA, 2005a) recommend 

that the method used to characterize and quantify cancer risk from a chemical be determined by 

what is known about the mode of action of that chemical, and how this mode of action impacts 

the shape of the dose-response curve at low doses. According to the Cancer Guidelines, the dose 

response is generally considered to be linear in the low-dose range when evidence supports a 

mutagenic mode of action for a chemical because of its DNA reactivity and direct mutagenic 

activity. A linear low-dose extrapolation approach was used to estimate human carcinogenic risk 

associated with hexavalent chromium exposure due to the mutagenic mode of action of this 

chemical. 

In order to derive an oral CSF, BMD modeling was carried out using US. EPA's BMDS 

(US. EPA, 2000b). US. EPA's BMDS offers several possible mathematical dose-response 

functions for use with dichotomous data including logistic, gamma, Weibull, quantallinear, 

probit, and multistage models. For this assessment, EPA relied on the results obtained from the 

multistage model only, as this is the model preferred by the Agency for conducting cancer dose

response assessments. In applying the BMD approach to the derivation of a CSF, the standard 

procedure is to calculate a lower 95% confidence bound on the dose corresponding to the BMR, 

where the BMR is typically set at 10% extra risk. This lower confidence bound is referred to as 

the BMDLlO. The CSF is then calculated by dividing the BMR by the BMDLlO and then 

converting this slope value to human equivalents. 
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In estimating the CSF, the incidence of neoplasms in the small intestine of mice was 

employed, as this species was deemed to be more sensitive than the rat. Only animals that 

survived for at least 451 days, the time until appearance of the first tumor, were considered at 

risk for tumor development. Consequently, the incidence estimates included all animals that 

were examined for intestinal tumors and survived for at least 451 days (see Tables 5-5 and 5-6). 

The BMD modeling results for the incidence of neoplasms in the small intestine of male and 

female mice are shown in Appendix B-2. For male mice, the two-stage multistage model 

exhibited the best fit to the data yielding a slope of 0.09 (mg/kg-daYrl. For female mice, the 

two-stage multistage model also exhibited the best fit to the data yielding a slope of 0.10 (mg/kg

daYrl. 

In order to estimate an oral CSF, these slopes were converted to human equivalents. For 

this conversion, body weight to the % power scaling was used, where the time-weighted average 

male and female mouse body weights of controls (i.e., 50 and 53 g, respectively) were employed, 

along with an assumed human body weight of 70 kg. The mouse body weights were taken from 

the NTP (2008) study report. The following equation was then used to convert the slopes 

derived from the BMD modeling to oral CSFs expressed in human equivalents: 

Slope x (W H/W A)0.25 = CSF 

= animal body weight (kg) 
= human body weight (kg) 

Using the above equation, the CSFs resulting from the fitting of the two-stage multistage 

model in BMDS to the incidence of neoplasms in the small intestine of male or female mice 

were 0.5 and 0.6 (mg/kg-dayr1
, respectively, expressed in human equivalents. 

5.3.4. Oral Slope Factor 

The CSF values based on the incidence of small intestine tumors in male and female mice 

are similar (i.e., 0.5 [mg/kg-dayr1 for males and 0.6 [mg/kg-dayr1 for females). Given the 

poorer fit of the multistage model to the female mouse data, a CSF estimate based on the male 

mouse data was considered to be associated with less uncertainty. Therefore, the CSF of 

0.5 (mg/kg-dayr1
, based on the incidence of neoplasms in the small intestine of male mice, was 

selected as the most appropriate CSF for hexavalent chromium. 

5.3.5. Application of ADAFs 

Because a mutagenic mode of action for hexavalent chromium carcinogenicity is 

sufficiently supported in laboratory animals and is relevant to humans (see Section 4.6.3.4), and 

in the absence of chemical-specific data to evaluate differences in age-specific susceptibility, 
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increased early-life susceptibility to hexavalent chromium is assumed and ADAFs should be 

applied, as appropriate, in accordance with the Supplemental Guidance for Assessing 

Susceptibility from Early-Life Exposure to Carcinogens (U S. EPA, 200Sb). The oral slope 

factor ofO.S (mg/kg-dayr1
, calculated from data applicable to adult exposures, does not reflect 

presumed early-life susceptibility to this chemical. Example calculations for estimating cancer 

risks based on age at exposure are provided in Section 6 of the Supplemental Guidance for 

Assessing Susceptibility from Early-Life Exposure to Carcinogens (US. EPA, 200Sb). 

The Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to 

Carcinogens establishes ADAFs for three specific age groups. The current ADAFs and their 

corresponding age groups are 10 for exposed individuals <2 years old, 3 for exposed individuals 

2 to <16 years old, and 1 for exposed individuals 2':16 years old (US. EPA, 200Sb). The 10- and 

3-fold adjustments to the slope factor are to be combined with age-specific exposure estimates 

when estimating cancer risks from early life «16 years of age) exposures to hexavalent 

chromium. 

To illustrate the use of the ADAFs established in the Supplemental Guidance for 

Assessing Susceptibility from Early-Life Exposure to Carcinogens (US. EPA, 200Sb), sample 

calculations are presented for three exposure duration scenarios, including full lifetime, assuming 

that the exposure rate to hexavalent chromium remains constant at an average daily dose of 

0.0001 mg hexavalent chromium/kg-day (Table S-7). This average daily dose of 0.0001 mg 

hexavalent chromium/kg-day is being used here for illustrative purposes only to demonstrate 

how to apply ADAFs. In practice, actual exposure information specific to the situation under 

consideration should be used. 

Table 5-7. Application of ADAFs for a 70-year exposure to 0.0001 mg 
hexavalent chromium/kg-day from ages 0 to 70 

Slope factor Average daily dose Duration 
Age group ADAF (per mg/kg-d) (mg/kg-d) adjustment 

0-<2 yrs 10 0.5 0.0001 2 yrs/70 yrs 

2-<16 yrs 3 0.5 0.0001 14 yrs/70 yrs 

2:16 yrs 1 0.5 0.0001 54 yrs/70 yrs 

Total risk 

Partial risk 
1 x 10-5 

3 x 10-5 

4 x 10-5 

8 x 10-5 

Note that the partial risk for each age group is the product of the values in columns 2-S 

(e.g., 10 x O.S x 0.0001 x 2170 = 0.00001 for exposures from age 0 to <2 years), and the total 

risk is the sum of the partial risks. Thus, a 70-year risk estimate for a constant average daily 

dose of 0.0001 mg/kg-day starting at birth is 0.00008 or 8 x 10-5
. 

If calculating the cancer risk for a 30-year exposure to a constant average daily dose of 

0.0001 mg hexavalent chromium/kg-day from ages 0 to 30 years, the duration adjustments would 
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be 2170, 14170, and 14170, and the partial risks would be 0.00001,0.00003, and 0.00001, 

resulting in a total risk estimate of 0.00005 or 5 x 10-5
. 

If calculating the cancer risk for a 30-year exposure to a constant average daily dose of 

0.0001 mg hexavalent chromium/kg-day from ages 20 to 50 years, the duration adjustments 

would be 0170, 0170, and 30170, and the partial risks would be 0, 0, and 0.00002, resulting in a 

total risk estimate of 0.00002 or 2 x 10-5
. 

5.3.6. Uncertainties in Cancer Risk Values 

As in most risk assessments, extrapolation of data from experimental animals to estimate 

potential lifetime cancer risks to human populations from exposure to hexavalent chromium 

yields uncertainties. Some of these uncertainties can be evaluated for their quantitative impact 

on the final result, while for others, only their qualitative impact can be assessed. The principal 

uncertainties in the assessment of the cancer risk from exposure to hexavalent chromium are 

summarized below in Table 5-8, and discussed in more detail in the following text. 
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Table 5-8. Summary of uncertainties in the cancer risk assessment for 
hexavalent chromium 

Consideration/ Impact on oral slope 
approach factor Decision Justification 

Low-dose Alternatives could t or Multistage model A linear-low-dose extrapolation approach was used 
extrapolation i CSF by an unknown used to determine to estimate human carcinogenic risk associated with 
procedure extent POD, linearlow- hexavalent chromium exposure consistent with a 

dose extrapolation mutagenic mode of carcinogenic action. 
from POD 

Cross-species Alternatives could t or BW3/4 (default In the absence of hexavalent chromium-specific 
scaling i CSF (e.g., sixfold t approach) information on interspecies differences in 

[scaling by BW] or i toxicokinetics, the default scaling factor of BW3/4 
twofold [scaling by was used to calculate equivalent cumulative 
BW2/3]) exposures for estimating equivalent human risks 

(U.S. EPA, 1992). 

Statistical t CSF 25% if BMDL (default Size of bioassay results in sampling variability; 
uncertainty at maximum likelihood approach for lower bound is 95% CIon administered dose. 
POD estimation (i.e., calculating 

BMDIO) used rather reasonable upper 
than lower bound bound CSF) 
(BMDLIO) for POD 

Species/gender Human risk could t or Male mouse tumors It was assumed that humans are as sensitive as the 
combination j, depending on (adenomas or most sensitive rodent gender/species tested; true 

relative sensitivity carcinomas of the correspondence is unknown. The carcinogenic 
small intestine) response occurs across species. Generally, direct 

site concordance is not assumed; consistent with 
this view, some human tumor types are not found in 
rodents and rat and mouse tumor types also differ. 

Human relevance Lack of human Tumors with Hexavalent chromium is judged to be carcinogenic 
of rodent tumor relevance of tumor significant dose- through a mutagenic mode of action and is a 
data data would t CSF response considered multisite carcinogen in rodents; therefore, the 

for estimating carcinogenicity observed in rodent studies is 
potential human assumed to be relevant to human exposure. 
cancer response 

Human Low-dose risk i or t to Considered No data are available to support the range of human 
population an unknown extent qualitatively variability/sensitivity to hexavalent chromium. 
variability in 
metabolism and 
response/ 
sensitive 
subpopulations 

Choice of low-dose extrapolation approach. The mode of action is a key consideration in 

clarifying how risks should be estimated for low-dose exposure. A linear, low-dose 

extrapolation approach was used to estimate human carcinogenic risk associated with hexavalent 

chromium exposure consistent with a hypothesized mutagenic mode of carcinogenic action of 

hexavalent chromium (U.S. EPA, 2005a). 
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The multistage model was used to model the tumor incidence data because this is the 

model preferred by the Agency for conducting cancer dose-response assessments; however, it is 

unknown how well this model or the linear low-dose extrapolation predicts low-dose risks for 

hexavalent chromium. The selected model does not represent all possible models one might fit, 

and other models could conceivably be selected to yield more extreme results consistent with the 

observed data, both higher and lower than those included in this assessment. 

Cross-species scaling. The default cross-species scaling factor (BW3/4) was applied to 

address toxicological equivalence of internal doses between rodent species and humans, 

consistent with the 2005 Guidelinesfor Carcinogen Risk Assessment (U.S. EPA, 2005a). 

Because it is unknown whether there are differences in the pharmacokinetic pathways in animals 

and humans following hexavalent chromium exposure, it is not possible to estimate the 

magnitude of the uncertainty in the use of this default beyond that associated with other choices 

for default cross-species scaling factors (e.g., BW2/3 or BWl). 

Statistical uncertainty at the POD. Measures of statistical uncertainty require assuming 

that the underlying model and associated assumptions are valid for the data under consideration. 

For the multistage model applied to the incidence of male mice GI tract tumors, there is a 

reasonably typical degree of uncertainty at the 10% extra risk level (the POD for linear low-dose 

extrapolation). That is, the BMDLlO for male mice is approximately 25% lower than the BMDlO. 

Choice of species/gender. The oral CSF for hexavalent chromium was quantified using 

the tumor incidence data for mice, which were thought to be more sensitive than rats to the 

carcinogenicity of hexavalent chromium. While tumor responses in the mouse were higher than 

those of rats at a comparable dose level, suggesting greater sensitivity of the mouse, it is 

unknown whether this higher sensitivity would be maintained at lower exposures. 

Relevance to humans. The Guidelines for Carcinogen Risk Assessment (U. S. EPA, 

2005a) state that site concordance is not a prerequisite for evaluating the implications of animal 

study results for humans. Chemicals that are mutagenic and cause tumors at multiple sites in 

animals are likely relevant to human carcinogenesis. Hexavalent chromium is thought to be 

carcinogenic through a mutagenic mode of action and is a multi site carcinogen in rodents. 

Considering all of the available information, the carcinogenicity observed in rodent studies is 

considered relevant to human exposure. In addition, the concordance of the alimentary system 

tumors across rats and mice lends strength to the concern for human carcinogenic potential. 

Human population variability. The extent of inter-individual variability in response to 

hexavalent chromium is unknown. Although a mutagenic mode of action would indicate 

increased early-life susceptibility, the data exploring whether there is differential sensitivity to 

hexavalent chromium carcinogenicity across life stages are unavailable. This lack of 

understanding about potential differences in metabolism and susceptibility across exposed 

human populations thus represents a source of uncertainty. The uncertainties associated with this 

lack of data and knowledge about human variability can, at present, only be considered in 
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qualitative terms; however, EPA has developed ADAFs to quantitatively account for some of the 

potential differences in age-dependent response to carcinogens with a mutagenic mode of action. 

ADAFs are to be applied to the CSF for hexavalent chromium when assessing cancer risks in 

exposed populations composed of individuals <16 years old (U.S. EPA, 2005b). More specific 

guidance in applying these ADAFs was provided in Section 5.3.5. 

5.3.7. Previous Cancer Assessment 

The previous IRIS assessment for hexavalent chromium was posted to the IRIS database 

in 1998. In that assessment, EPA concluded that the oral carcinogenicity of hexavalent 

chromium could not be determined (and was thus classified as Group D) because no data were 

located in the available literature that suggested that hexavalent chromium is carcinogenic by the 

oral route of exposure. Therefore, no oral CSF was derived. 
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6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION OF HAZARD AND DOSE 

RESPONSE 

6.1. HUMAN HAZARD POTENTIAL 

Hexavalent chromium compounds are a group of substances that contain chromium in the 

hexavalent or +6 oxidation state. As a class, hexavalent chromium compounds are strong 

oxidizing agents, and thus, it is rare to find hexavalent chromium naturally occurring in the 

environment because it is readily reduced to trivalent chromium (i.e., chromium in the +3 

oxidation state) by organic matter. However, hexavalent chromium compounds released to the 

environment by anthropogenic sources may persist in natural waters and soils that contain low 

amounts of organic matter. Major uses or former uses of hexavalent chromium compounds 

include metal plating, manufacture of pigments and dyes, corrosion inhibitors, chemical 

synthesis, refractory production, leather tanning, and wood preservation. Individuals may be 

exposed to hexavalent chromium compounds through ingestion of drinking water or contact with 

soils or other media contaminated with these substances. 

Toxicokinetic studies in humans, mice, and rats have examined the absorption, 

distribution, metabolism, and elimination of hexavalent chromium compounds. Hexavalent 

chromium can be absorbed via oral, inhalation, or dermal routes of exposure in humans and 

laboratory animals. For this toxicological review, however, the focus is on the toxicokinetics of 

hexavalent chromium following ingestion. Once ingested, hexavalent chromium compounds can 

interact with endogenous fluids and other organic matter in the GI tract, resulting, to some 

extent, in the reduction of hexavalent chromium to trivalent chromium. This process, whereby 

hexavalent chromium is reduced to trivalent chromium in the GI tract, is termed "extracellular" 

reduction. The extent of absorption of ingested hexavalent chromium appears to be determined 

by both the solubility of the hexavalent chromium compound ingested and how rapidly 

hexavalent chromium is reduced to trivalent chromium in the GI tract, as trivalent chromium 

does not diffuse readily across cell membranes. Hexavalent chromium can easily cross cell 

membranes due to its ability to use existing nonspecific sulfate and phosphate anion transport 

mechanisms. 

Ingested hexavalent chromium is distributed throughout the body. Liver, kidney, spleen, 

and bone are the primary sites of chromium distribution. Once inside the cell, hexavalent 

chromium is reduced to trivalent chromium, either enzymatically or nonenzymatically. This 

process is called "intracellular" reduction to distinguish it from the extracellular process 

described above. This intracellular reduction yields such reactive intermediates as chromium(V) 

and chromium(IV). These reactive intermediates, along with oxygen radicals generated during 

this intracellular reduction, can indirectly damage DNA. In addition, trivalent chromium, the 
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final product of the intracellular reduction of hexavalent chromium, can form adducts with a 

number of macromolecules, including DNA. 

Hexavalent chromium is eliminated primarily in the urine as trivalent chromium. 

Chromium can also be eliminated in hair, nails, and breast milk. There does not appear to be a 

gender difference in the toxicokinetics of hexavalent chromium, and inter-individual variability 

in the presystemic reduction and subsequent absorption and elimination may be primarily driven 

by differences in gastric contents and intervals between meals. 

Two PBPK models have been developed for hexavalent and trivalent chromium in rats 

and humans (O'Flaherty et aI., 2001; O'Flaherty, 1996, 1993). The inclusion of trivalent 

chromium in the model allows for the use of trivalent chromium exposure time course data to aid 

in parameterization of chromium elimination and to evaluate the ability of the model to predict 

elimination of hexavalent chromium as trivalent chromium. However, neither the rat nor human 

version of the model in its present form has been subjected to formal computerized optimization 

of parameter values. 

Two types of studies provide information on the toxicological effects in humans resulting 

from exposure to ingested hexavalent chromium. In the first type of study, acute human health 

effects have been observed following oral ingestion of hexavalent chromium in individuals 

accidentally or intentionally ingesting high (fatal or near-fatal) doses of hexavalent chromium. 

These studies are not particularly useful for establishing dose-response relationships. In the 

second type of study, chronic human health effects have been reported in human populations 

exposed unintentionally to elevated levels of hexavalent chromium in food or drinking water 

over an extended time period. Human studies of possible associations between oral exposure to 

hexavalent chromium and cancer are limited to a few epidemiology studies in which health 

outcomes (primarily cancer) were evaluated among populations that were exposed to drinking 

water contaminated with hexavalent chromium in Liaoning Province, China (Kerger et aI., 2009, 

Beaumont et aI., 2008; Zhang and Li, 1997, 1987), Kings County/San Bernardino County, 

California (Fryzek et aI., 2001; Bick et aI., 1996), Nebraska (Bednar and Kies, 1991), and 

Glasgow, United Kingdom (Eizaguirre-Garcia et aI., 2000, 1999). Analyses of data collected 

from the JinZhou area of Liaoning Province, China, where groundwater, surface water, and 

agricultural soils were heavily contaminated with chromium derived from hexavalent chromium 

production (e.g., 0.001-20 mg chromium/L in residential well water), provide evidence of an 

excess risk of mortality from stomach cancer from 1970 to 1978 in residents of the area, relative 

to the reference populations in the province (four other areas in Liaoning Province, and the total 

population of the province) (Beaumont et aI., 2008). EPA concluded that the exposure-response 

analyses presented by Zhang and Li (1997), Beaumont et ai. (2008), and Kerger et ai. (2009) are 

not based on the quality of data that is needed to support a conclusion regarding the presence or 

absence of a dose-response among the observed cancer rates in these villages. The other 

epidemiologic studies did not find a significant correlation between hexavalent chromium 
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concentrati ons in drinking water (or proximity to the source of hexaval ent chromium soil 

contamination) and cancer. 

In animals, the effects of subchronic oral exposure to hexavalent chromium have been 

evaluated in rats (NTP, 2007; Quinteros et aI., 2007; Rafael et aI., 2007; Acharya et aI., 2001; 

Chopra et aI., 1996; Vyskocil et aI., 1993) and mice (NTP, 2007; Asmatullah and Noreen 1999), 

and the effects of chronic oral exposure to hexavalent chromium have been evaluated in rats 

(NTP, 2008, MacKenzie et aI., 1958), mice (NTP, 2008; Borneff et aI., 1968), and dogs (Anwar 

et aI., 1961). The studies conducted by the NTP (2008, 2007) provide dose-response data on the 

effects of oral hexavalent chromium exposure based on a comprehensive assessment of 

toxicological endpoints. The EPA used NTP (2008, 2007) to identify LOAELs and NOAELs in 

rats and mice for subchronic and chronic exposure durations. Results from the NTP (2007) 

subchronic study identified several hexavalent chromium-induced noncancer effects, including 

hematological effects, hepatotoxicity, alterations in lipid metabolism, and histopathological 

changes in GI tissues and pancreatic and mesenteric lymph nodes. The most sensitive 

hexavalent chromium-induced noncancer effects in rats were microcytic, hypochromic anemia, 

increased serum liver enzyme activities, and histopathological changes to the duodenum and 

pancreatic lymph nodes; in mice, the most sensitive noncancer effect was histopathological 

changes in the duodenum. The most sensitive noncancer effects in the NTP (2008) 2-year 

toxicology and carcinogenicity study were histopathological changes to the liver, duodenum, and 

mesenteric lymph nodes in rats; and in the duodenum, mesenteric lymph nodes, and liver in 

mIce. 

A number of animal studies have also evaluated the reproductive/developmental toxicity 

of hexavalent chromium via the oral route of exposure. Collectively, these studies provide 

evidence that oral exposure to hexavalent chromium compounds produces reproductive effects, 

including histopathological changes to reproductive organs in males (Aruldhas et aI., 2006, 2005, 

2004; Li et aI., 2001; Chowdhury and Mitra, 1995; Zahid et aI., 1990) and females (Murthy et aI., 

1996); alterations in sperm, including decreased count, decreased motility, and abnormal 

morphology (Subramanian et aI., 2006; Yousefet aI., 2006; Li et aI., 2001; Zahid et aI., 1990); 

decreased plasma testosterone levels (Y ousef et al., 2006; Chowdhury and Mitra, 1995); 

increased estrous cycle length (Kanojia et aI., 1998, 1996; Murthy et aI., 1996); changes in 

mating behavior and decreased fertility in males (Bataineh et aI., 1997); and adverse 

reproductive outcomes, including decreased numbers of live fetuses and implantations, and 

increased numbers of resorptions and pre- and postimplantation losses (Bataineh et aI., 2007; 

Elsaieed and Nada, 2002; Kanojia et aI., 1998, 1996; Elbetieha and AI-Hamood, 1997; Junaid et 

aI., 1996a, b, 1995; Trivedi et aI., 1989). Developmental effects observed have included 

decreased fetal weight and length (Elsaieed and Nada, 2002; Kanojia et aI., 1998; Junaid et aI., 

1996a, b, 1995; Trivedi et aI., 1989); external (subdermal hemorrhage and tail malformations) 

and skeletal abnormalities (decreased ossification) (Elsaieed and Nada, 2002; Kanojia et aI., 
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1998, 1996; Junaid et aI., 1996a, b, 1995; Trivedi et aI., 1989); and delayed sexual maturation 

and function in female offspring (Banu et aI., 2008; AI-Hamood et aI., 1998). In contrast to 

results of the above studies, effects were not observed in dietary exposure studies conducted by 

NTP that investigated the potential for hexavalent chromium to produce effects on male 

reproductive organs in rats and mice (NTP, 1996a, b) and on reproductive outcomes in a 

continuous breeding study in mice (NTP, 1997). The reasons for these inconsistent results are 

not readily apparent, as daily dose ranges evaluated in the NTP studies overlapped with those 

used in other studies showing hexavalent chromium-induced adverse reproductive effects. The 

most sensitive noncancer effects observed in the 2-year chronic study by NTP (2008), in general, 

occurred at lower doses than the reproductive or developmental effects. 

In regard to carcinogenic effects, exposure of rats to sodium dichromate dihydrate in 

drinking water for 2 years resulted in a significant increase in squamous epithelial neoplasms of 

the oral mucosa and tongue at the highest exposure level (average daily doses of 5.9 and 7.0 mg 

hexavalent chromium/kg-day in males and females, respectively), but not at the three lower 

exposure levels (NTP, 2008). Exposure ofB6C3F 1 mice to sodium dichromate dihydrate in 

drinking water for 2 years resulted in significant increases in the incidences of neoplasms of the 

small intestine in males and females at doses 2':2.4 and 2':3.1 mg hexavalent chromium/kg-day, 

respectively. NTP (2008) concluded that results from these studies provide clear evidence of 

carcinogenic activity of sodium dichromate dihydrate in male and female F344IN rats based on 

increased incidences of squamous cell neoplasms of the oral cavity and clear evidence of 

carcinogenic activity of sodium dichromate dihydrate in male and female B6C3F 1 mice based on 

increased incidences of neoplasms of the small intestine. 

The potential mutagenicity of hexavalent chromium has been studied extensively. 

Although study results vary with specific test systems, experimental conditions, and hexavalent 

chromium compounds tested, results of in vitro and in vivo studies provide substantial evidence 

for mutagenic activity of hexavalent chromium compounds. The mutagenicity of hexavalent 

chromium is mediated through the generation of highly reactive chromium intermediates (e.g., 

chromium (IV) and chromium(V)) and reactive oxygen species formed during the intracellular 

reduction of hexavalent chromium. Reactive chromium intermediates and oxygen species react 

with DNA, leading to oxidative DNA damage, chromium-DNA adducts, DNA strand breaks, and 

chromosomal aberrations. 

In in vitro test systems, hexavalent chromium compounds have mostly tested positive for 

gene mutations (including reverse mutations, frame shift mutations, and base pair substitutions) 

and DNA damage (including DNA-protein crosslinks) in bacterial cells (s. typhimurium, E. coli, 

B. subtilis); for forward mutations and mitotic gene conversion in yeast (s. cerevisiae); and for 

DNA damage (DNA strand breaks, fragmentation, DNA-protein crosslinks, DNA-DNA 

crosslinks), chromosomal damage (sister chromatid exchanges and chromosomal aberrations), 

and DNA synthesis inhibition in mammalian cell lines and primary cell cultures (including 
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primary cell cultures of human gastric mucosal cells, respiratory tract cells, and lymphocytes). 

In in vivo test systems, hexavalent chromium compounds have tested positive for mutations in D. 

melanogaster and for DNA damage (DNA-protein crosslinks, DNA strand breaks), mutations, 

chromosomal damage (sister chromatid exchanges, chromosomal aberrations, and micronuclei), 

and DNA synthesis inhibition in rats and mice. Thus, the mutagenic activity of hexavalent 

chromium has been demonstrated in numerous studies using both in vitro and in vivo 

experimental systems. 

Under the Guidelines for Carcinogen Risk Assessment (U. S. EPA, 2005a), hexavalent 

chromium is "likely to be carcinogenic to humans" via the oral route of exposure based on a 

statistically significant increase in the incidence of tumors of the oral mucosa and tongue of rats 

and of the small intestine of mice, and evidence of an association between oral exposure to 

hexavalent chromium and stomach cancer in humans. Additionally, available evidence indicates 

that chromium interacts with DNA, resulting in DNA damage and mutagenesis. Based on the 

weight of the available evidence, hexavalent chromium is proposed to act through a mutagenic 

mode of carcinogenic action, and thus, ADAFs should be applied. 

6.2. DOSE RESPONSE 

6.2.1. Noncancer-Oral 

NTP (2008), a 2-year animal bioassay that used multiple dose groups and included a 

comprehensive assessment of endpoints, was selected as the principal study for derivation of the 

RID. Dose-response analysis using BMD methods was conducted for the following endpoints 

from this study: histopathological changes in the liver (chronic inflammation in female rats and 

histiocytic cellular infiltration in female mice), duodenum (diffuse epithelial hyperplasia in male 

and female mice), mesenteric lymph node (histiocytic cellular infiltration in male and female 

mice), and pancreas (cytoplasm cellular alteration of acinar epithelial cells in female mice). 

All available dichotomous models in EPA's BMDS were fit to the incidence data for the 

selected endpoints, using 10% extra risk as the BMR in accordance with EPA's Benchmark Dose 

Technical Guidance Document (U.S. EPA, 2000b). 

Based on the lowest BMDLlO value of 0.09 mg hexavalent chromium/kg-day, diffuse 

epithelial hyperplasia of the duodenum in female mice was selected as the POD for derivation of 

the RID. The RID of 0.0009 or 9 x 10-4 mg/kg-day for hexavalent chromium was derived by 

dividing the BMDLlO (or POD) of 0.09 mg/kg-day by a composite uncertainty factor of 100 

(10 for extrapolation from animals to humans and 10 for human variability). 

Confidence in the principal study, NTP (2008), is high. NTP (2008) is a 2-year 

toxicology and carcinogenicity study of sodium dichromate dihydrate in drinking water in rats 

and mice that used a relevant route of exposure (drinking water) and a robust study design (i.e., 

50 animals/sex/group, a control and four exposed groups, measurements of drinking water 

consumption, and a full suite of hematology, clinical chemistry, and gross and miscroscopic 
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tissue examinations). Confidence in the oral database is medium to high. The database includes 

subchronic and chronic drinking water studies in rats and mice conducted by NTP (2008, 2007), 

a second chronic drinking water study in rats, and several other subchronic oral toxicity studies 

in rats and mice. Other than the NTP bioassays, however, the available sub chronic and chronic 

toxicity studies did not provide adequate characterization of both the NOAEL and LOAEL for 

the hexavalent chromium compounds tested. Studies have been conducted to evaluate the effects 

of ingested hexavalent chromium compounds on reproductive tissues, mating behavior, 

reproductive outcomes, and fetal development. The reproductive toxicity database includes a 

continuous breeding study by NTP. Overall confidence in the RID is medium to high. 

6.2.2. Cancer-Oral 

The mode of action is a key consideration in clarifying how risks should be estimated for 

low-dose exposure. A linear low-dose extrapolation approach was used to estimate human 

carcinogenic risk associated with hexavalent chromium exposures. This approach is supported 

by the evidence for genotoxicity and a mutagenic mode of action. 

The CSF for hexavalent chromium is based on tumor incidence data from the NTP (2008) 

animal bioassay. The incidence of neoplasms in the small intestine of mice was used to derive 

the CSF. Only animals that survived for at least 451 days, the time until appearance of the first 

tumor, were considered at risk for tumor development. 

BMD modeling was carried out using the multistage model in EPA's BMDS (U.S. EPA, 

2000b) to identify a POD. In applying the BMD approach to the derivation of a CSF, the lower 

95% confidence bound on the dose corresponding to the BMR (defined as 10% extra risk of 

small intestine tumors) was calculated. This lower confidence bound is referred to as the 

BMDL. The CSF was calculated by dividing the BMR by the BMDL, and then converting this 

CSF to human equivalents using body weight to the % power scaling. 

The CSF resulting from the fitting of the multistage model in BMDS to the incidence of 

neoplasms in the small intestine of male and female mice was 0.5 (mg/kg-dayr1 and 0.6 (mg/kg

dayr1
, respectively, expressed in human equivalents. Because of the poorer fit of the multistage 

model to the female mouse data, the cancer potency estimate of 0.5 (mg/kg-dayr1 based on the 

male mouse data was selected as the CSF for hexavalent chromium. 
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APPENDIX B. BENCHMARK DOSE CALCULATIONS 

B.L DETAILS OF BMD ANALYSIS FOR THE RFD 

Table B-1. Incidence data for nonneoplastic lesions from all treatment 
groups of female F344/N rats and male and female B6C3F 1 mice exposed to 
sodium dichromate dihydrate in drinking water for 2 years (NTP, 2008) 

Dose 
(mg hexavalent chromium/kg-d) 

0 0.24 0.94 2.4 

Female rats 

Liver: chronic inflammation 12/S0 21/S0a 28/S0b 3S/SOb 

Dose 
(mg hexavalent chromium/kg-d) 

0 0.38 0.91 2.4 

Male mice 

Duodenum: diffuse epithelial O/SO 11/S0b 18/S0b 42/S0b 
hyperplasia 

Mesenteric lymph node: histiocytic 14/47 38/47b 31/49b 32/49b 

cellular infiltration 

Dose 
(mg hexavalent chromium/kg-d) 

0 0.38 1.4 3.1 

Female mice 

Duodenum: diffuse epithelial O/SO 16/S0b 3S/SOb 31/S0b 

hyperplasia 

Mesenteric lymph node: histiocytic 3/46 29/48b 26/46b 40/S0b 

cellular infiltration 

Liver: histiocytic cellular infiltration 2/49 IS/SOb 23/S0b 32/S0b 

Pancreas: acinus, cytoplasmic 0/48 6/S0a 6/49a 14/S0b 
alteration 

aSignificantly different (p ::; O.OS) from the control group by Dunn's or Shirley's test. 
bSignificantly different (p::; 0.01) from the control group by Dunn's or Shirley's test. 

Source: ATSDR (2008). 

7.0 

39/S0b 

S.9 

32/S0a 

42/46a 

8.7 

42/S0b 

42/S0b 

4S/S0b 

32/S0b 

Chronic inflammation of the liver in female rats. As assessed by the X2 goodness-of-fit 

statistic, only the log-logistic model provided an adequate fit (X2 p-value 2': 0.1) to the data 

(Table B-2). Based on the log-logistic model, the BMD associated with a 10% extra risk was 

0.22 mg hexavalent chromium/kg-day and its lower 95% confidence limit (BMDL) was 0.14 mg 

hexavalent chromium/kg-day (Figure B-1). 
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Table B-2. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for chronic inflammation of the liver in female 
rats exposed to sodium dichromium dihydrate in drinking water for 2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO 
(mg/kg-d) 

0.51 

0.84 

0.22 

0.51 

0.88 

0.89 

0.51 

0.51 

BMDLlO 
(mg/kg-d) 'l p-value Ale 

0.37 0.04 317.97 

0.65 0.01 321.45 

0.14 0.37 312.57 

0.37 0.04 317.97 

0.70 0.01 321.80 

0.61 0.01 320.86 

0.37 0.04 317.97 

0.37 0.04 317.97 

CRestrict betas ~O; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported. 

Ale = Akaike's information criterion 

Source: ATSDR (2008). 
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BMDs and BMDLs indicated are associated with a 10% extra risk, and are in 
units of mg hexavalent chromium/kg-day. 

Source: ATSDR (2008). 

Figure B-1. Predicted and observed incidence of chronic inflammation of the 
liver in female rats exposed to sodium dichromium dihydrate in drinking 
water for 2 years. 

Diffuse epithelial hyperplasia of the duodenum in male mice. As assessed by the 

X2 goodness-of-fit statistic, none of the models provided an adequate fit (X2 p-value 2': 0.1) to the 

full dataset (Table B-3). In order to achieve an adequately fitting model, the highest dose was 

dropped. This is determined to be appropriate, as the area of concern is with the low-dose region 

of the response curve. After dropping the highest dose, the gamma, log-logistic, multistage, log

probit, quantallinear, and Weibull models provided adequate fits to the data (X 2 p-value > 0.1). 

Comparing across models, a better fit is generally indicated by a lower Akaike's Information 

Criterion (AIC) (EPA, 2000b). As assessed by AIC, the I-degree polynomial multistage model 

provided the best fit to the data (Figure B-2). Based on the multistage model, the BMD 

associated with a 10% extra risk was 0.16 mg hexavalent chromium/kg-day and its lower 95% 

confidence limit (BMDL) was 0.13 mg hexavalent chromium/kg-day. 
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Table B-3. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for diffuse epithelial hyperplasia in the 
duodenum in male mice exposed to sodium dichromium dihydrate in 
drinking water for 2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistaged 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO 
(mg/kg-d) 

0.31 

0.90 

0.15 

0.31 

0.90 

0.48 

0.31 

0.31 

BMDLlO 
(mg/kg-d) 

All doses 

0.25 

0.74 

0.12 

0.25 

0.76 

0.36 

0.25 

0.25 

'l p-value 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Highest dose dropped (four doses modeled) 

0.22 0.14 0.43 

0.47 0.39 0.03 

0.26 0.15 0.20 

0.16 0.13 0.52 

0.45 0.37 0.04 

0.28 0.23 0.33 

0.16 0.13 0.52 

0.22 0.14 0.47 

Ale 

270.99 

296.25 

247.93 

270.99 

296.18 

274.38 

270.99 

270.99 

167.67 

177.09 

169.23 

166.34 

176.19 

167.41 

166.34 

167.50 

CRestrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
~rovided a fit, a 3-degree polynomial is reported. 
Restrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; degree polynomial = 1. 

Source: ATSDR (2008). 

B-4 DO NOT CITE OR QUOTE 

NWMAR 118296 



Multistage Model with 0.95 Confidence Level 

Multistage --

0.8 

""0 0.6 
~ 
~ « 
c 
0 

0.4 is 
ro 

U: 

0.2 

o 
BMD BMD 

o 0.5 1.5 2 

dose 

15:45 04/08 2008 

BMDs and BMDLs indicated are associated with a 10% extra risk, and are in 
units of mg hexavalent chromium/kg-day. 

Source: ATSDR (2008). 

2.5 

Figure B-2. Predicted and observed incidence of diffuse epithelial 
hyperplasia in the duodenum of male mice exposed to sodium dichromium 
dihydrate in drinking water for 2 years. 

Histiocytic cellular infiltration of the mesenteric lymph nodes in male mice. As assessed 

by the X2 goodness-of-fit statistic, none of the models provided an adequate fit (X 2 p-value 2': 0.1) 

to the full dataset (Table B-4). In order to achieve a statistically fit model, the highest dose was 

dropped. This is determined to be appropriate, as the area of concern is with the low-dose region 

of the response curve. Dropping the highest dose did not result in adequately fitting models, nor 

did dropping the two highest doses. This dataset is considered not suitable for BMD modeling. 
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Table B-4. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for histiocytic cellular infiltration in mesenteric 
lymph nodes of male mice exposed to sodium dichromium dihydrate in 
drinking water for 2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistaged 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistagee 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO BMDLlO 
(mg/kg-d) (mg/kg-d) 'l p-value Ale 

All doses 

0.38 0.26 0.00 285.94 

0.53 0.39 0.00 286.38 

0.16 0.08 0.00 284.48 

0.43 0.26 0.00 287.88 

0.56 0.43 0.00 286.35 

0.83 0.52 0.00 289.36 

0.38 0.26 0.00 285.94 

0.38 0.26 0.00 285.94 

Highest dose dropped (four doses modeled) 

0.47 0.24 0.00 258.50 

0.61 0.35 0.00 259.04 

0.21 0.08 0.00 256.81 

0.47 0.24 0.00 258.50 

0.63 0.37 0.00 259.08 

1.24 0.56 0.00 261.28 

0.47 0.24 0.00 258.50 

0.47 0.24 0.00 258.50 

Two highest doses dropped (three doses modeled) 

0.11 0.07 0.00 187.77 

0.17 0.12 0.00 189.97 

0.05 0.03 0.00 183.77 

0.11 0.07 0.00 187.77 

0.17 0.12 0.00 190.12 

0.17 0.11 0.00 190.37 

0.11 0.07 0.00 187.77 

0.11 0.07 0.00 187.77 

CRestrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
~rovided a fit, a 3-degree polynomial is reported. 
Restrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 

provided a fit, a 2-degree polynomial is reported. 
eRe strict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a I-degree polynomial is reported. 

Source: ATSDR (2008). 

Diffuse epithelial hyperplasia of the duodenum in female mice. As assessed by the 

X2 goodness-of-fit statistic, none of the models provided an adequate fit (X2 p-value 2': 0.1) to the 
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data (Table B-5). In order to achieve a statistically fit model, the highest dose was dropped. 

This is determined to be appropriate, as the area of concern is with the low-dose region of the 

response curve. After dropping the highest dose, an adequate fit was still not achieved. After 

dropping the two highest doses, all of the models except for the logistic and probit models 

provided an adequate fit (X2 p-value 2': 0.1) to the data. Comparing across models, a better fit is 

generally indicated by a lower AIC (EPA, 2000b). As assessed by AIC, the gamma, multistage, 

quantallinear, and Weibull models generated identical goodness of fit statistics and BMD, as 

these models all took the form of a I-degree polynomial multistage model, which provides the 

best fit (Figure B-3). Based on these models, the BMD associated with a 10% extra risk was 

0.12 mg hexavalent chromium/kg-day and its lower 95% confidence limit (BMDL) was 0.09 mg 

hexavalent chromium/kg-day. 
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Table B-5. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for diffuse epithelial hyperplasia in the 
duodenum of female mice exposed to sodium dichromium dihydrate in 
drinking water for 2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistaged 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistagee 

Probit 

Log-probitb 

Quantallinear 

WeibuW 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO BMDLlO 
(mg/kg-d) (mg/kg-d) 'l p-value Ale 

All doses 

0.34 0.27 0.00 275.34 

0.88 0.72 0.00 293.17 

0.12 0.09 0.04 245.54 

0.34 0.27 0.00 275.34 

0.93 0.78 0.00 294.03 

0.52 0.38 0.00 279.54 

0.34 0.27 0.00 275.34 

0.34 0.27 0.00 275.34 

Highest dose dropped (four doses modeled) 

0.20 0.16 0.00 213.41 

0.55 0.46 0.00 236.10 

0.11 0.08 0.04 200.07 

0.20 0.16 0.00 213.41 

0.54 0.45 0.00 235.61 

0.29 0.24 0.00 220.04 

0.20 0.16 0.00 213.41 

0.20 0.16 0.00 213.41 

Two highest doses dropped (three doses modeled) 

0.12 0.09 0.87 126.06 

0.34 0.27 0.00 141.77 

0.12 0.06 1.00 127.77 

0.12 0.09 0.87 126.06 

0.32 0.26 0.00 140.65 

0.20 0.16 0.48 127.17 

0.12 0.09 0.87 126.06 

0.12 0.09 0.87 126.06 

CRestrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
~rovided a fit, a 3-degree polynomial is reported. 
Restrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 

provided a fit, a 2-degree polynomial is reported. 
eRe strict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a I-degree polynomial is reported. 

Source: ATSDR (2008). 
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Multistage Model with 0.95 Confidence Level 
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BMDs and BMDLs indicated are associated with a 10% extra risk, and are in 
units of mg hexavalent chromium/kg-day. 

Source: ATSDR (2008). 

Figure B-3. Predicted and observed incidence of diffuse epithelial 
hyperplasia in the duodenum of female mice exposed to sodium dichromium 
dihydrate in drinking water for 2 years. 

Histiocytic cellular infiltration of the mesenteric lymph nodes in female mice. As 

assessed by the X2 goodness-of-fit statistic, none of the models provided an adequate fit 

(X2 p-value 2': 0.1) to the full dataset (Table B-6). In order to achieve a statistically fit model, the 

highest dose was dropped. This is determined to be appropriate, as the area of concern is with 

the low-dose region of the response curve. Dropping the highest dose did not result in 

adequately fitting models, nor did dropping the two highest doses. This dataset is not suitable for 

BMD modeling. 
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Table B-6. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for histiocytic cellular infiltration in mesenteric 
lymph nodes of female mice exposed to sodium dichromium dihydrate in 
drinking water for 2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistaged 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

Gammaa 

Logistic 

Log-logisticb 

Multistagee 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO BMDLlO 
(mg/kg-d) (mg/kg-d) 'l p-value Ale 

All doses 

0.41 0.30 0.00 282.46 

0.77 0.61 0.00 290.18 

0.09 0.06 0.00 263.55 

0.41 0.30 0.00 282.46 

0.85 0.69 0.00 291.41 

0.68 0.47 0.00 285.85 

0.41 0.30 0.00 282.46 

0.41 0.30 0.00 282.46 

Highest dose dropped (four doses modeled) 

0.20 0.15 0.00 224.84 

0.40 0.33 0.00 230.81 

0.07 0.05 0.00 215.19 

0.20 0.15 0.00 224.84 

0.40 0.34 0.00 230.85 

0.37 0.24 0.00 231.76 

0.20 0.15 0.00 224.84 

0.20 0.15 0.00 224.84 

Two highest doses dropped (three doses modeled) 

0.14 0.10 0.00 172.32 

0.31 0.24 0.00 178.99 

0.07 0.04 0.00 164.47 

0.14 0.10 0.00 172.32 

0.30 0.23 0.00 178.74 

0.21 0.15 0.00 178.11 

0.14 0.10 0.00 172.32 

0.14 0.10 0.00 172.32 

CRestrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
~rovided a fit, a 3-degree polynomial is reported. 
Restrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 

provided a fit, a 2-degree polynomial is reported. 
eRe strict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a I-degree polynomial is reported. 

Source: ATSDR (2008). 
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Histiocytic cellular infiltration of the liver in female mice. As assessed by the 

X2 goodness-of-fit statistic, only the log-logistic model provided an adequate fit (X2 p-value 2: 

0.1) to the data (Table B-7). Based on the log-logistic model, the BMD associated with a 10% 

extra risk was 0.17 mg hexavalent chromium/kg-day and its lower 95% confidence limit 

(BMDL) was 0.12 mg hexavalent chromium/kg-day (Figure B-4). 

Table B-7. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for histiocytic cellular infiltration in the liver of 
female rats exposed to sodium dichromium dihydrate in drinking water for 
2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO 
(mg/kg-d) 

0.35 

0.85 

0.17 

0.35 

0.88 

0.62 

0.35 

0.35 

BMDLlO 
(mg/kg-d) 'I: p-value Ale 

0.28 0.08 255.40 

0.70 0.00 267.56 

0.12 0.44 251.36 

0.28 0.08 255.40 

0.75 0.00 268.64 

0.48 O.oI 260.00 

0.28 0.08 255.40 

0.28 0.08 255.40 

CRestrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; no degree of polynomial 
provided a fit, a 3-degree polynomial is reported. 

Source: ATSDR (2008). 
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Log-Logistic Model with 0.95 Confidence Level 
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BMDs and BMDLs indicated are associated with a 10% extra risk, and are in 
units of mg hexavalent chromium/kg-day. 

Source: ATSDR (2008). 

Figure B-4. Predicted and observed incidence of histiocytic cellular 
infiltration in the livers of female mice exposed to sodium dichromium 
dihydrate in drinking water for 2 years. 

9 

Cytoplasmic alteration of acinar epithelial cells of the pancreas in female mice. As 

assessed by the X2 goodness-of-fit statistic, all of the models provide adequate fits 

(X2 p-value 2': 0.1) to the data (Table B-8). Comparing across models, a better fit is generally 

indicated by a lower AIC (EPA, 2000b). As assessed by AIC, the log-logistic model provides 

the best fit (Figure B-5). Based on the log-logistic model, the BMD associated with a 10% extra 

risk was 0.68 mg hexavalent chromium/kg-day and its lower 95% confidence limit (BMDL) was 

0.52 mg hexavalent chromium/kg-day. 
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Table B-S. BMDIO and BMDLIO values and goodness-of-fit statistics from 
models fit to incidence data for pancreas: acinus, cytoplasmic alteration in 
female mice exposed to sodium dichromium dihydrate in drinking water for 
2 years 

Model 

Gammaa 

Logistic 

Log-logisticb 

MultistageC 

Probit 

Log-probitb 

Quantallinear 

Weibull" 

aRe strict power 2: 1. 
bSlope restricted to > 1. 

BMDlO 
(mg/kg-d) 

0.92 

2.43 

0.68 

0.92 

2.24 

1.77 

0.92 

0.92 

BMDLlO 
(mg/kg-d) r: p-value Ale 

0.72 0.13 206.82 

2.03 0.09 211.78 

0.52 0.19 205.22 

0.72 0.13 206.82 

1.89 0.11 210.99 

1.40 0.11 209.99 

0.72 0.13 206.82 

0.72 0.13 206.82 

CRestrict betas 2:0; lowest degree polynomial (up to n-2) with an adequate fit is reported; a I-degree polynomial is 
reported. 

Source: ATSDR (2008). 
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Log-Logistic Model with 0.95 Confidence Level 
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BMDs and BMDLs indicated are associated with a 10% extra risk, and are in 
units of mg hexavalent chromium/kg-day. 

Source: ATSDR (2008). 

Figure B-5. Predicted and observed incidence of pancreas: acinus, 
cytoplasmic alteration in female mice exposed to sodium dichromium 
dihydrate in drinking water for 2 years. 
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B.2. DETAILS OF BMD ANALYSIS FOR THE ORAL SLOPE FACTOR 

The fit of the multistage model to the incidence of neoplasms in the small intestine of 

male mice administered sodium dichromate dihydrate in drinking water for 2 years (NTP, 2008): 

Multistage Cancer Model with 0.95 Confidence Level 

u 
Q) 

U 
Q) -4 
c 
0 

U 
(\] 
'-

LL 

0.6 

05 

0.4 

03 

0.2 

0.1 

o 

o 

Multistage Cancer 
Li near extrapolati on 
BMD Lower Bound 

BMDL 

15 .09 03/20 2009 

Source: NJDEP (2009) 

MD 

2 3 4 

dose 

5 

Multistage Cancer Model. (Version: 1.7; Date: 05/16/2008) 
Input Data File: 

M:\ChromiumVI\msc_MALE_MICE_INTESTINAL TUMORS_NTP_2008 Setting. (d) 
Gnuplot Plotting File: 

M:\ChromiumVI\msc_MALE_MICE INTESTINAL TUMORS_NTP_2008_Setting.plt 
Fri Feb 05 09:42:31 2010 

BMDS Model Run 

The form of the probability function is: 

P[response] background + (l-background)*[l-EXP( 
-beta1*doseA1-beta2*doseA2)] 

The parameter betas are restricted to be positive 

6 
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Dependent variable = Response 
Independent variable = Dose 

Total number of observations = 5 
Total number of records with missing values 0 
Total number of parameters in model = 3 
Total number of specified parameters = 0 
Degree of polynomial = 2 

Maximum number of iterations = 250 
Relative Function Convergence has been set to: le-OOS 
Parameter Convergence has been set to: le-OOS 

Default Initial Parameter Values 
Background 

Beta(l) 
Beta(2) 

0.0291151 
0.0232273 
0.0107072 

Asymptotic Correlation Matrix of Parameter Estimates 

Background 

Beta(l) 

Beta(2) 

Variable 
Background 

Beta(l) 
Beta(2) 

Background 

1 

-0.73 

0.62 

Estimate 
0.0287353 

0.024191 
0.0105146 

Beta(l) 

-0.73 

1 

-0.96 

Parameter Estimates 

Std. Err. 

Beta(2) 

0.62 

-0.96 

1 

95.0% Wald Confidence Interval 
Lower Conf. Limit Upper Conf. Limit 

* - Indicates that this value is not calculated. 

Model 
Full model 

Fitted model 
Reduced model 

AIC: 

Analysis of Deviance Table 

Log (likelihood) # Param's Deviance 
-77.3728 5 
-77.8649 3 0.984149 
-96.8272 1 38.9088 

161. 73 

Test d. f. 

2 

P-value 

0.6114 
<.0001 
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Goodness of Fit 

Dose Est. Prob. Expected Observed 

0.0000 0.0287 1. 408 1. 000 
0.3800 0.0391 1. 915 3.000 
0.9100 0.0581 2.848 2.000 
2.4000 0.1374 6.869 7.000 
5.9000 0.4160 19.969 20.000 

Chi"2 = 1. 03 d. f. 2 P-value = 0.5968 

Benchmark Dose Computation 

Specified effect 0.1 

Risk Type Extra risk 

Confidence level 0.95 

BMD 2.21769 

BMDL 1. 16524 

BMDU 3.23024 

Size 

49 
49 
49 
50 
48 

Scaled 
Residual 

-0.349 
0.800 

-0.518 
0.054 
0.009 

Taken together, (1.16524, 3.23024) is a 90 
interval for the BMD 

% two-sided confidence 

Multistage Cancer Slope Factor 0.085819 
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The fit of the multistage model to the incidence of neoplasms in the small intestine of 

female mice administered sodium dichromate dihydrate in drinking water for 2 years (NTP, 

2008): 
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Source: NJDEP (2009) 

Multistage Cancer Model. (Version: 1.7; Date: 05/16/2008) 
Input Data File: 

8 

M:\ChromiumVI\msc FEMALE MICE INTESTINAL TUMORS_NTP 2008 Setting. (d) 
Gnuplot Plotting File: 

M:\ChromiumVI\msc FEMALE_MICE INTESTINAL TUMORS_NTP_2008_Setting.plt 
Fri Feb 05 09:54:51 2010 

BMDS Model Run 

The form of the probability function is: 

P[response] background + (l-background)*[l-EXP( 
-beta1*doseA1-beta2*doseA2)] 

The parameter betas are restricted to be positive 

Dependent variable = Response 
Independent variable = Dose 

9 
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Total number of observations = 5 
Total number of records with missing values 0 
Total number of parameters in model = 3 
Total number of specified parameters = 0 
Degree of polynomial = 2 

Maximum number of iterations = 250 
Relative Function Convergence has been set to: Ie-008 
Parameter Convergence has been set to: Ie-008 

Default Initial Parameter Values 
Background 

Beta(l) 
Beta(2) 

0.0398439 
0.0695693 

o 

Asymptotic Correlation Matrix of Parameter Estimates 

The model parameter(s) -Beta(2) 
have been estimated at a boundary point, or have been specified by the user, 
and do not appear in the correlation matrix 

Background Beta(l) 

Background 1 -0.62 

* 

Beta(l) 

Variable 
Background 

Beta(l) 
Beta(2) 

- Indicates that 

Model 
Full model 

Fitted model 
Reduced model 

AIC: 

-0.62 1 

Parameter Estimates 

95.0% Wald Confidence Interval 
Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit 

0.0140838 
0.0792034 

0 

this value is not calculated. 

Analysis of Deviance Table 

Log (likelihood) # Param's Deviance Test d.f. 
-88.9774 5 
-91.8504 2 5.74595 3 
-117.047 1 56.1401 

187.701 

P-value 

0.1246 
<.0001 
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Goodness of Fit 

Dose Est. Prob. Expected Observed 

0.0000 0.0141 0.690 1. 000 
0.3800 0.0433 2.166 1. 000 
1.4000 0.1176 5.761 4.000 
3.1000 0.2287 11.208 17.000 
8.7000 0.5050 24.746 22.000 

Chi"2 = 5.90 d. f. 3 P-value = 0.1164 

Benchmark Dose Computation 

Specified effect 0.1 

Risk Type Extra risk 

Confidence level 0.95 

BMD 1.33025 

BMDL 1.02757 

BMDU 1.93668 

Size 

49 
50 
49 
49 
49 

Scaled 
Residual 

0.376 
-0.810 
-0.781 

1. 970 
-0.785 

Taken together, (1. 02757, 1. 93668) is a 90 
interval for the BMD 

% two-sided confidence 

Multistage Cancer Slope Factor 0.0973173 
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-CITE-
33 USC CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

Findings; purpose. 
Definitions. 

02/01/2010 

-MISC1-
Sec. 
2401. 
2402. 
2403. Prohibition on application of organotin antifouling 

paints on certain vessels. 
2404. Prohibition of certain organotin antifouling paints 

and organotin additives used to make such paints. 
2405. 
2406. 
2407. 
2408. 
2409. 
2410. 

-End-

-CITE-

Certification. 
Monitoring and research of ecological effects. 
Alternative antifouling research. 
Water quality criteria document. 
Penalties. 
Other authorities; State laws. 

33 USC Sec. 2401 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2401. Findings; purpose 

-STATUTE-
(a) Findings 

The Congress finds the following: 

02/01/2010 

(1) Antifouling paints containing organotin biocides are used 
to prevent the build-up of barnacles and other encrusting 
organisms on vessels. 

(2) Laboratory and field studies show that organotin is very 
toxic to marine and freshwater organisms at very low levels. 

(3) Vessels that are less than 25 meters in length and are 
coated with organotin antifouling paint account for a large 
amount of the organotin released into the aquatic environment. 

(4) The Environmental Protection Agency has determined that 
concentrations of organotin currently in the waters of the United 
States may pose unreasonable risks to oysters, clams, fish, and 
other aquatic life. 

(b) Purpose 
The purpose of this chapter is to protect the aquatic environment 

by reducing immediately the quantities of organotin entering the 
waters of the United States. 

-SOURCE-
(Pub. L. 100-333, Sec. 2, June 16,1988,102 Stat. 605.) 

-MISC1-

6/18/2011 6:09 PM 

NWMAR118313 



2 of9 

http://uscode.house.gov /download/pls/3 3C37. txt 

EFFECTIVE DATE; USE OF EXISTING STOCKS 
Section 12 of Pub. L. 100-333 provided that: 
"(a) In General. - Except as provided in subsection (b), this Act 

[enacting this chapter] shall take effect on the date of its 
enactment [June 16, 1988]. 

"(b) Termination of Interim Prohibition. - Section 5 (a) [section 
2404(a) of this title] shall remain in effect until a final 
decision regarding the release of organotin into the aquatic 
environment by antifouling paints, pursuant to the process 
initiated by the Administrator's Position Document 1 dated January 
8, 1986 -

"(1) is issued by the Administrator; and 
"(2) takes effect. 

"(c) Final Decision Defined. - For purposes of subsection (b), a 
final decision shall be considered to have taken effect upon the 
date of the expiration of the time for making any appeal with 
respect to such decision or, in the case of any such appeal, the 
resolution of such appeal. 

"(d) Use of Existing Stocks. - Notwithstanding the prohibitions 
contained in sections 4 and 5 [sections 2403 and 2404 of this 
title], the Administrator, not later than 90 days after the date of 
the enactment of this Act [June 16, 1988], shall provide reasonable 
times -

"(1) not to exceed 180 days after the date of the enactment of 
this Act, for the continued sale, delivery, purchase, and receipt 
of any antifouling paints containing organotin and organotin 
additives that exist before the date of the enactment of this 
Act; and 

"(2) not to exceed one year after the date of the enactment of 
this Act, for the application of any antifouling paints 
containing organotin and organotin additives that exist before 
the date of the enactment of this Act." 

SHORT TITLE 
Section 1 of Pub. L. 100-333 provided that: "This Act [enacting 

this chapter] may be cited as the 'Organotin Antifouling Paint 
Control Act of 1988'." 

-End-

-CITE-
33 USC Sec. 2402 02/01/2010 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2402. Definitions 

-STATUTE-
For purposes of this chapter: 

(1) The term "Administrator" means the Administrator of the 
Environmental Protection Agency. 

(2) The term "antifouling paint" means a coating, paint, or 
treatment that is applied to a vessel to control fresh water or 
marine fouling organisms. 

(3) The term "estuary" means a body of water having an 
unimpaired connection with open sea, where the sea water is 
measurably diluted with fresh water derived from land drainage, 
and such term includes the Chesapeake Bay and estuary-type areas 
of the Great Lakes. 

(4) The term "organotin" means any compound of tin used as a 
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biocide in an antifouling paint. 
(S) The term "person" means any individual, and partnership, 

association, corporation, or organized group of persons whether 
incorporated or not, or any government entity, including the 
military. 

(6) The term "qualified antifouling paint containing organotin" 
means an antifouling paint containing organotin that -

(A) is allowed to be used under the terms of the final 
decision referred to in section 12(c); or 

(B) until such final decision takes effect, is certified by 
the Administrator under section 240S of this title as having a 
release rate of not more than 4.0 micrograms per square 
centimeter per day. 

(7) The term "release rate" means the rate at which organotin 
is released from an antifouling paint over the long term, as 
determined by the Administrator, using -

(A) the American Society for Testing Materials (ASTM) 
standard test method which the Environmental Protection Agency 
required in its July 29, 1986, data call-in notice on 
tributyltin compounds used in antifouling paints; or 

(B) any similar test method specified by the Administrator. 

(8) The term "retail" means the transfer of title to tangible 
personal property other than for resale, after manufacturing or 
processing. 

(9) The term "Secretary" means the Secretary of the Navy. 
(10) The term "State" means a State of the United States, the 

District of Columbia, the Commonwealth of Puerto Rico, the 
Commonwealth of the Northern Mariana Islands, or any territory or 
possession of the United States. 

(11) The term "vessel" includes every description of watercraft 
or other artificial contrivance used, or capable of being used, 
as a means of transportation on water. 

-SOURCE-
(Pub. L. 100-333, Sec. 3, June 16,1988,102 Stat. 60S.) 

-REFTEXT-
REFERENCES IN TEXT 

Section 12 (c), referred to in par. (6) (A), is section 12 (c) of 
Pub. L. 100-333, which is set out as a note under section 2401 of 
this title. 

-End-

-CITE-
33 USC Sec. 2403 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-

02/01/2010 

Sec. 2403. Prohibition on application of organotin antifouling 
paints on certain vessels 

-STATUTE-
(a) Prohibition 

Subject to section 12(d), and except as provided in subsection 
(b) of this section, no person in any State may apply to a vessel 
that is less than 2S meters in length an antifouling paint 
containing organotin. 
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(b) Exceptions 
Subsection (a) of this section shall not prohibit the application 

of a qualified antifouling paint containing organotin on -
(1) the aluminum hull of a vessel that is less than 25 meters 

in length; or 
(2) the outboard motor or lower drive unit of a vessel that is 

less than 25 meters in length. 

-SOURCE-
(Pub. L. 100-333, Sec. 4, June 16, 1988, 102 Stat. 606.) 

-REFTEXT-
REFERENCES IN TEXT 

Section 12 (d), referred to in subsec. (a), is section 12 (d) of 
Pub. L. 100-333, which is set out as a note under section 2401 of 
this title. 

-End-

-CITE-
33 USC Sec. 2404 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-

02/01/2010 

Sec. 2404. Prohibition of certain organotin antifouling paints and 
organotin additives used to make such paints 

-STATUTE-
(a) Interim prohibition of certain organotin antifouling paints 

Subject to section 12(d), no person in any State may -
(1) sell or deliver to, or purchase or receive from, another 

person an antifouling paint containing organotin; or 
(2) apply to a vessel an antifouling paint containing 

organotin; 

unless the antifouling paint is certified by the Administrator as 
being a qualified antifouling paint containing organotin. 
(b) Prohibition of certain organotin additives 

Subject to section 12(d), no person in any State may sell or 
deliver to, or purchase or receive from, another person at retail 
any substance containing organotin for the purpose of adding such 
substance to paint to create an antifouling paint. 

-SOURCE-
(Pub. L. 100-333, Sec. 5, June 16, 1988, 102 Stat. 606.) 

-REFTEXT-
REFERENCES IN TEXT 

Section 12(d), referred to in text, is section 12(d) of Pub. L. 
100-333, which is set out as a note under section 2401 of this 
title. 

-MISC1-
EFFECTIVE DATE 

Section effective June 16, 1988, with subsec. (a) to remain in 
effect until a final decision, as defined in section 12(c) of Pub. 
L. 100-333, regarding release of organotin into the aquatic 
environment by antifouling paints, is issued and takes effect, see 
section 12(a) to (c) of Pub. L. 100-333, set out as an Effective 
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Date; Use of Existing stocks note under section 2401 of this title. 

-End-

-CITE-
33 usc Sec. 2405 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2405. Certification 

-STATUTE-
(a) Initial certification 

02/01/2010 

Not later than 90 days after June 16, 1988, the Administrator 
shall certify each antifouling paint containing organotin that the 
Administrator determines has a release rate of not more than 4.0 
micrograms per square centimeter per day on the basis of the 
information submitted to the Environmental Protection Agency before 
June 16, 1988, in response to its July 29, 1986, data call-in 
notice on tributyltin or any other data call-in notice. 
(b) Subsequent certification 

After the initial period of certification required by subsection 
(a) of this section, and not later than 90 days after the receipt 
of information with regard to an antifouling paint containing 
organotin submitted -

(1) in response to a data call-in referred to in subsection (a) 
of this section; or 

(2) under any provision of law; 

the Administrator shall certify such paint if, on the basis of such 
information, the Administrator determines that such paint has a 
release rate of not more than 4.0 micrograms per square centimeter 
per day. 

-SOURCE-
(Pub. L. 100-333, Sec. 6, June 16, 1988, 102 Stat. 607.) 

-End-

-CITE-
33 USC Sec. 2406 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2406. Monitoring and research of ecological effects 

-STATUTE-
(a) Estuarine monitoring 

02/01/2010 

The Administrator, in consultation with the Under Secretary of 
Commerce for Oceans and Atmosphere, shall monitor the 
concentrations of organotin in the water column, sediments, and 
aquatic organisms of representative estuaries and near-coastal 
waters in the United States. This monitoring program shall remain 
in effect until 10 years after June 16, 1988. The Administrator 
shall submit a report annually to the Speaker of the House of 
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Representatives and to the President pro tempore of the Senate 
detailing the results of such monitoring program for the preceding 
year. 
(b) Navy home port monitoring 

The Secretary shall provide for periodic monitoring, not less 
than quarterly, of waters serving as the home port for any Navy 
vessel coated with an antifouling paint containing organotin to 
determine the concentration of organotin in the water column, 
sediments, and aquatic organisms of such waters. 
(c) Navy research of ecological effects 

The Secretary shall continue existing Navy programs evaluating 
the laboratory toxicity and environmental risks associated with the 
use of antifouling paints containing organotin. 
(d) Assistance to States 

To the extent practicable, the Administrator shall assist States 
in monitoring waters in such States for the presence of organotin 
and in analyzing samples taken during such monitoring. 
(e) Five-year report 

At the end of the 5-year period beginning on June 16, 1988, the 
Administrator shall submit a report to the Speaker of the House of 
Representatives and to the President pro tempore of the Senate 
providing an assessment of -

(1) the effectiveness of existing laws and rules concerning 
organotin compounds in ensuring protection of human health and 
the environment; 

(2) compliance with water quality criteria established pursuant 
to section 2408 of this title and any applicable water quality 
standards; and 

(3) recommendations for additional measures to protect human 
health and the environment. 

-SOURCE-
(Pub. L. 100-333, Sec. 7, June 16, 
106, div. A, title X, Sec. 1064(f), 

-MISC1-

1988, 
Feb. 

AMENDMENTS 

102 Stat. 607; Pub. L. 104-
10, 1996, 110 Stat. 445.) 

1996 - Subsecs. (d) to (f). Pub. L. 104-106 redesignated subsecs. 
(e) and (f) as (d) and (e), respectively, and struck out heading 
and text of former subsec. (d). Text read as follows: "The 
Secretary shall submit a report annually to the Administrator and 
to the Governor of each State in which a home port for the Navy is 
monitored under subsection (b) of this section detailing the 
results of such monitoring in the State. Such reports shall be 
included in the annual report required to be submitted under 
subsection (a) of this section." 

NAVY PROGRAM TO MONITOR ECOLOGICAL EFFECTS OF ORGANOTIN 
Pub. L. 104-201, div. A, title III, Sec. 333, Sept. 23, 1996, 110 

Stat. 2485, as amended by Pub. L. 106-65, div. A, title X, Sec. 
1067(5), Oct. 5, 1999, 113 Stat. 774, provided that: 

"(a) Monitoring Requirement. - The Secretary of the Navy shall, 
in consultation with the Administrator of the Environmental 
Protection Agency, develop and implement a program to monitor the 
concentrations of organotin in the water column, sediments, and 
aquatic organisms of representative estuaries and near-coastal 
waters in the United States, as described in section 7(a) of the 
Organotin Antifouling Paint Control Act of 1988 (33 U.S.C. 
2406(a)). The program shall be designed to produce high-quality 
data to enable the Environmental Protection Agency to develop water 
quality criteria concerning organotin compounds. 

"(b) Funding. - The Administrator of the Environmental Protection 
Agency shall provide, in advance, such sums as are necessary to the 
Secretary of the Navy for the costs of developing and implementing 
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the program under subsection (a). 
"(c) Written Agreement. - The Secretary of the Navy and the 

Administrator of the Environmental Protection Agency shall enter 
into a written agreement setting forth the actions that the 
Secretary plans to take under subsection (a) and the funding that 
the Administrator agrees to provide under subsection (b). If the 
Secretary determines that the Administrator will not enter into 
such an agreement, the Secretary shall notify the Committee on 
Armed Services of the House of Representatives and the Committee on 
Armed Services of the Senate not later than 30 days after such 
determination. 

"(d) Nonimpairment of Mission. - Compliance with subsection (a) 
shall be conducted in such a manner so as not to impair the ability 
of the Department of the Navy to meet its operational requirements. 

"(e) Report. - Not later than June 1, 1997, the Secretary of the 
Navy shall submit to Congress a report containing the following: 

"(1) A description of the monitoring program developed pursuant 
to subsection (a). 

"(2) An analysis of the results of the monitoring program as of 
the date of the submission of the report. 

"(3) Information about the progress of Navy programs, referred 
to in section 7(c) of the Organotin Antifouling Paint Control Act 
of 1988 (33 U.S.C. 2406(c)), for evaluating the laboratory 
toxicity and environmental risks associated with the use of 
antifouling paints containing organotin. 

"(4) An assessment, developed in consultation with the 
Administrator of the Environmental Protection Agency, of the 
effectiveness of existing laws and rules concerning organotin 
compounds in ensuring protection of human health and the 
environment. 
"(f) Sense of Congress. - (1) It is the sense of Congress that 

the Administrator of the Environmental Protection Agency, in 
consultation with the Secretary of the Navy, should develop, for 
purposes of the national pollutant discharge elimination system, a 
model permit for the discharge of organotin compounds at 
shipbuilding and ship repair facilities. 

"(2) For purposes of this subsection, the term 'organotin' has 
the meaning provided in section 3 of the Organotin Antifouling 
Paint Control Act of 1988 (33 U.S.C. 2402). 

"(g) Termination. - The program required by subsection (a) shall 
terminate five years after the date of the enactment of this Act 
[Sept. 23, 1996]." 

-End-

-CITE-
33 USC Sec. 2407 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2407. Alternative antifouling research 

-STATUTE-
(a) Research 

02/01/2010 

The Secretary and the Administrator shall conduct research into 
chemical and nonchemical alternatives to antifouling paints 
containing organotin. 
(b) Report 

At the end of the 4-year period beginning on June 16, 1988, the 
Administrator, in consultation with the Secretary, shall submit a 
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report to the Speaker of the House of Representatives and to the 
President pro tempore of the Senate detailing the results of the 
research conducted pursuant to subsection (a) of this section. 

-SOURCE-
(Pub. L. 100-333, Sec. 8, June 16,1988,102 Stat. 608.) 

-End-

-CITE-
33 USC Sec. 2408 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2408. Water quality criteria document 

-STATUTE-

02/01/2010 

Not later than March 30, 1989, the Administrator shall issue a 
final water quality criteria document concerning organotin 
compounds pursuant to section 1314(a) of this title. 

-SOURCE-
(Pub. L. 100-333, Sec. 9, June 16,1988,102 Stat. 608.) 

-End-

-CITE-
33 USC Sec. 2409 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2409. Penalties 

-STATUTE-
(a) Civil penalties 

02/01/2010 

(1) Any person violating section 2403 or 2404 of this title shall 
be assessed a civil penalty of not more than $5,000 for each 
offense. 

(2) After notice and an opportunity for a hearing, a person found 
by the Administrator to have violated section 2403 or 2404 of this 
title is liable to the United States Government for the civil 
penalty assessed under subsection (a) of this section. The amount 
of the civil penalty shall be assessed by the Administrator by 
written notice. In determining the amount of the penalty, the 
Administrator shall consider the nature, circumstances, extent, and 
gravity of the prohibited acts committed and, with respect to the 
violator, the degree of culpability, any history of prior offenses, 
ability to pay, and other matters that justice requires. 

(3) The Administrator may compromise, modify, or remit, with or 
without consideration, a civil penalty assessed under this section 
until the assessment is referred to the Attorney General. 

(4) If a person fails to pay an assessment of a civil penalty 
after it has become final, the Administrator may refer the matter 
to the Attorney General for collection in the appropriate United 
States district court. 
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(b) Criminal penalties 
Any person knowingly violating section 2403 or 2404 of this title 

shall be fined not more than $25,000, or imprisoned for not more 
than one year, or both. 

-SOURCE-
(Pub. L. 100-333, Sec. 10, June 16,1988,102 Stat. 608.) 

-End-

-CITE-
33 USC Sec. 2410 

-EXPCITE-
TITLE 33 - NAVIGATION AND NAVIGABLE WATERS 
CHAPTER 37 - ORGANOTIN ANTIFOULING PAINT CONTROL 

-HEAD-
Sec. 2410. Other authorities; State laws 

-STATUTE-
(a) Other authorities of Administrator 

02/01/2010 

Nothing in this chapter shall limit or prevent the Administrator 
from establishing a lower permissible release rate for organotin 
under authorities other than this chapter. 
(b) State laws 

Nothing in this chapter shall preclude or deny any State or 
political subdivision thereof the right to adopt or enforce any 
requirement regarding antifouling paint or any other substance 
containing organotin. Compliance with the requirements of any State 
or political subdivision thereof respecting antifouling paint or 
any other substance containing organotin shall not relieve any 
person of the obligation to comply with the provisions of this 
chapter. 

-SOURCE-
(Pub. L. 100-333, Sec. 11, June 16,1988,102 Stat. 608.) 

-End-
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To phase out the use of mercury in batteries and provide for the efficient and 

cost-effective collection and recycling or proper disposal of used nickel cadmium 
batteries, small sealed lead-acid batteries, and certain other batteries, and for 
other purposes. 

Be it enacted by the Senate and House of Representatives of 
the United States of America in Congress assembled, 

SECTION 1. SHORT TITLE. 

This Act may be cited as the "Mercury-Containing and 
Rechargeable Battery Management Act". 

SEC. 2. FINDINGS. 

The Congress finds that-
(1) it is in the public interest to-

(A) phase out the use of mercury in batteries and 
provide for the efficient and cost-effective collection and 
recycling or proper disposal of used nickel cadmium bat
teries, small sealed lead-acid batteries, and other regulated 
batteries; and 

(B) educate the public concerning the collection, 
recycling, and proper disposal of such batteries; 
(2) uniform national labeling requirements for regulated 

batteries, rechargeable consumer products, and product packag
ing will significantly benefit programs for regulated battery 
collection and recycling or proper disposal; and 

(3) it is in the public interest to encourage persons who 
use rechargeable batteries to participate in collection for 
recycling of used nickel-cadmium, small sealed lead-acid, and 
other regulated batteries. 

SEC. 3. DEFINITIONS. 

For purposes of this Act: 
(1) ADMINIsTRATOR.-The term "Administrator" means the 

Administrator of the Environmental Protection Agency. 
(2) BUTTON CELL.-The term "button cell" means a button

or coin-shaped battery. 
(3) EASILY REMOVABLE.-The term "easily removable", with 

respect to a battery, means detachable or removable at the 
end of the life of the battery-

(A) from a consumer product by a consumer with the 
use of common household tools; or 

(B) by a retailer of replacements for a battery used 
as the principal electrical power source for a vehicle. 
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(4) MERCURIC-OXIDE BATTERY.-The term "mercuric-oxide 
battery" means a battery that uses a mercuric-oxide electrode. 

(5) RECHARGEABLE BATTERY.-The term "rechargeable bat
tery"-

(A) means 1 or more voltaic or galvanic cells, elec
trically connected to produce electric energy, that is 
designed to be recharged for repeated uses; and 

(B) includes any type of enclosed device or sealed con
tainer consisting of 1 or more such cells, including what 
is commonly called a battery pack (and in the case of 
a battery pack, for the purposes of the requirements of 
easy removability and labeling under section 103, means 
the battery pack as a whole rather than each component 
individually); but 

(C) does not include-
(i) a lead-acid battery used to start an internal 

combustion engine or as the principal electrical power 
source for a vehicle, such as an automobile, a truck, 
construction equipment, a motorcycle, a garden tractor, 
a golf cart, a wheelchair, or a boat; 

(ii) a lead-acid battery used for load leveling or 
for storage of electricity generated by an alternative 
energy source, such as a solar cell or wind-driven 
generator; 

(iii) a battery used as a backup power source for 
memory or program instruction storage, timekeeping, 
or any similar purpose that requires uninterrupted 
electrical power in order to function if the primary 
energy supply fails or fluctuates momentarily; or 

(iv) a rechargeable alkaline battery. 
(6) RECHARGEABLE CONSUMER PRODUCT.-The term 

"rechargeable consumer product"-
(A) means a product that, when sold at retail, includes 

a regulated battery as a primary energy supply, and that 
is primarily intended for personal or household use; but 

(B) does not include a product that only uses a battery 
solely as a source of backup power for memory or program 
instruction storage, timekeeping, or any similar purpose 
that requires uninterrupted electrical power in order to 
function if the primary energy supply fails or fluctuates 
momentarily. 
(7) REGULATED BATTERY.-The term "regulated battery" 

means a rechargeable battery that-
(A) contains a cadmium or a lead electrode or any 

combination of cadmium and lead electrodes; or 
(B) contains other electrode chemistries and is the 

subject of a determination by the Administrator under 
section 103(d). 
(8) REMANUFACTURED PRODUCT.-The term "remanufac

tured product" means a rechargeable consumer product that 
has been altered by the replacement of parts, repackaged, or 
repaired after initial sale by the original manufacturer. 

SEC. 4. INFORMATION DISSEMINATION. 

The Administrator shall, in consultation with representatives 
of rechargeable battery manufacturers, rechargeable consumer prod
uct manufacturers, and retailers, establish a program to provide 
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information to the public concerning the proper handling and dis
posal of used regulated batteries and rechargeable consumer prod
ucts with nonremovable batteries. 

SEC. 5. ENFORCEMENT. 

(a) CIVIL PENALTy.-When on the basis of any information 
the Administrator determines that a person has violated, or is 
in violation of, any requirement of this Act (except a requirement 
of section 104) the Administrator-

(1) in the case of any violation, may issue an order assess
ing a civil penalty of not more than $10,000 for each violation, 
or requiring compliance immediately or within a reasonable 
specified time period, or both; or 

(2) in the case of any violation or failure to comply with 
an order issued under this section, may commence a civil action 
in the United States district court in the district in which 
the violation occurred or in the district in which the violator 
resides for appropriate relief, including a temporary or perma
nent injunction. 
(b) CONTENTS OF ORDER.-An order under subsection (a)(l) 

shall state with reasonable specificity the nature of the violation. 
(c) CONSIDERATIONs.-In assessing a civil penalty under sub

section (a)(l), the Administrator shall take into account the serious
ness of the violation and any good faith efforts to comply with 
applicable requirements. 

(d) FINALITY OF ORDER; REQUEST FOR HEARING.-An order 
under subsection (a)(l) shall become final unless, not later than 
30 days after the order is served, a person named in the order 
requests a hearing on the record. 

(e) HEARING.-On receiving a request under subsection (d), 
the Administrator shall promptly conduct a hearing on the record. 

CD SUBPOENA PowER.-In connection with any hearing on the 
record under this section, the Administrator may issue subpoenas 
for the attendance and testimony of witnesses and for the production 
of relevant papers, books, and documents. 

(g) CONTINUED VIOLATION AFTER EXPIRATION OF PERIOD FOR 
COMPLIANCE.-If a violator fails to take corrective action within 
the time specified in an order under subsection (a)(l), the Adminis
trator may assess a civil penalty of not more than $10,000 for 
the continued noncompliance with the order. 

(h) SAVINGS PROVISION.-The Administrator may not take any 
enforcement action against a person for selling, offering for sale, 
or offering for promotional purposes to the ultimate consumer a 
battery or product covered by this Act that was-

(1) purchased ready for sale to the ultimate consumer; 
and 

(2) sold, offered for sale, or offered for promotional purposes 
without modification. 

The preceding sentence shall not apply to a person-
(A) who is the importer of a battery covered by this Act, 

and 
(B) who has knowledge of the chemical contents of the 

battery 
when such chemical contents make the sale, offering for sale, or 
offering for promotional purposes of such battery unlawful under 
title II of this Act. 
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SEC. 6. INFORMATION GATHERING AND ACCESS. 

(a) RECORDS AND REPORTS.-A person who is required to carry 
out the objectives of this Act, including-

(1) a regulated battery manufacturer; 
(2) a rechargeable consumer product manufacturer; 
(3) a mercury-containing battery manufacturer; and 
(4) an authorized agent of a person described in paragraph 

(1), (2), or (3), 
shall establish and maintain such records and report such informa
tion as the Administrator may by regulation reasonably require 
to carry out the objectives of this Act. 

(b) ACCESS AND COPYING.-The Administrator or the Adminis
trator's authorized representative, on presentation of credentials 
of the Administrator, may at reasonable times have access to and 
copy any records required to be maintained under subsection (a). 

(c) CONFIDENTIALITy.-The Administrator shall maintain the 
confidentiality of documents and records that contain proprietary 
information. 

SEC. 7. STATE AUTHORITY. 

Nothing in this Act shall be construed to prohibit a State 
from enacting and enforcing a standard or requirement that is 
identical to a standard or requirement established or promulgated 
under this Act. Except as provided in sections 103(e) and 104, 
nothing in this Act shall be construed to prohibit a State from 
enacting and enforcing a standard or requirement that is more 
stringent than a standard or requirement established or promul
gated under this Act. 

SEC. 8. AUTHORIZATION OF APPROPRIATIONS. 

There are authorized to be appropriated such sums as are 
necessary to carry out this Act. 

TITLE I-RECHARGEABLE BATTERY 
RECYCLING ACT 

SEC. 101. SHORT TITLE. 

This title may be cited as the "Rechargeable Battery Recycling 
Act". 

SEC. 102. PURPOSE. 

The purpose of this title is to facilitate the efficient recycling 
or proper disposal of used nickel-cadmium rechargeable batteries, 
used small sealed lead-acid rechargeable batteries, other regulated 
batteries, and such rechargeable batteries in used consumer prod
ucts, by-

(1) providing for uniform labeling requirements and stream
lined regulatory requirements for regulated battery collection 
programs; and 

(2) encouraging voluntary industry programs by eliminat
ing barriers to funding the collection and recycling or proper 
disposal of used rechargeable batteries. 

SEC. 103. RECHARGEABLE CONSUMER PRODUCTS AND LABELING. 

(a) PROHIBITION.-

NWMAR 118325 



H.R.2024-5 

(1) IN GENERAL.-No person shall sell for use in the United 
States a regulated battery that is ready for retail sale or a 
rechargeable consumer product that is ready for retail sale, 
if such battery or product was manufactured on or after the 
date 12 months after the date of enactment of this Act, unless 
the labeling requirements of subsection (b) are met and, in 
the case of a regulated battery, the regulated battery-

(A) is easily removable from the rechargeable consumer 
product; or 

(B) is sold separately. 
(2) APPLIcATION.-Paragraph (1) does not apply to any 

of the following: 
(A) The sale of a remanufactured product unit unless 

paragraph (1) applied to the sale of the unit when originally 
man ufactured. 

(B) The sale of a product unit intended for export 
purposes only. 

(b) LABELING.-Each regulated battery or rechargeable 
consumer product without an easily removable battery manufac
tured on or after the date that is 1 year after the date of enactment 
of this Act, whether produced domestically or imported shall bear 
the following labels: 

(1) 3 chasing arrows or a comparable recycling symbol. 
(2)(A) On each regulated battery which is a nickel-cadmium 

battery, the chemical name or the abbreviation "Ni-Cd" and 
the phrase "BATTERY MUST BE RECYCLED OR DISPOSED 
OF PROPERLY.". 

(B) On each regulated battery which is a lead-acid battery, 
"Pb" or the words "LEAD", "RETURN", and "RECYCLE" and 
if the regulated battery is sealed, the phrase "BATTERY MUST 
BE RECYCLED.". 

(3) On each rechargeable consumer product containing a 
regulated battery that is not easily removable, the phrase 
"CONTAINS NICKEL-CADMIUM BATTERY. BATTERY 
MUST BE RECYCLED OR DISPOSED OF PROPERLY." or 
"CONTAINS SEALED LEAD BATTERY. BATTERY MUST BE 
RECYCLED.", as applicable. 

(4) On the packaging of each rechargeable consumer prod
uct, and the packaging of each regulated battery sold separately 
from such a product, unless the required label is clearly visible 
through the packaging, the phrase "CONTAINS NICKEL-CAD
MIUM BATTERY. BATTERY MUST BE RECYCLED OR DIS
POSED OF PROPERLY." or "CONTAINS SEALED LEAD BAT
TERY. BATTERY MUST BE RECYCLED.", as applicable. 
(c) EXISTING OR ALTERNATIVE LABELING.-

(1) INITIAL PERIOD.-For a period of 2 years after the date 
of enactment of this Act, regulated batteries, rechargeable 
consumer products containing regulated batteries, and 
rechargeable consumer product packages that are labeled in 
substantial compliance with subsection (b) shall be deemed 
to comply with the labeling requirements of subsection (b). 

(2) CERTIFICATION.-
(A) IN GENERAL.-On application by persons subject 

to the labeling requirements of subsection (b) or the label
ing requirements promulgated by the Administrator under 
subsection (d), the Administrator shall certify that a dif-
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ferent label meets the requirements of subsection (b) or 
(d), respectively, if the different label-

(i) conveys the same information as the label 
required under subsection (b) or (d), respectively; or 

(ii) conforms with a recognized international stand
ard that is consistent with the overall purposes of 
this title. 
(B) CONSTRUCTIVE CERTIFICATION.-Failure of the 

Administrator to object to an application under subpara
graph (A) on the ground that a different label does not 
meet either of the conditions described in subparagraph 
(A) (i) or (ii) within 120 days after the date on which 
the application is made shall constitute certification for 
the purposes of this Act. 

(d) RULEMAKING AUTHORITY OF THE ADMINISTRATOR.-
(1) IN GENERAL.-If the Administrator determines that 

other rechargeable batteries having electrode chemistries dif
ferent from regulated batteries are toxic and may cause 
substantial harm to human health and the environment if 
discarded into the solid waste stream for land disposal or 
incineration, the Administrator may, with the advice and coun
sel of State regulatory authorities and manufacturers of 
rechargeable batteries and rechargeable consumer products, 
and after public comment-

(A) promulgate labeling requirements for the batteries 
with different electrode chemistries, rechargeable consumer 
products containing such batteries that are not easily 
removable batteries, and packaging for the batteries and 
products; and 

(B) promulgate requirements for easy removability of 
regulated batteries from rechargeable consumer products 
designed to contain such batteries. 
(2) SUBSTANTIAL SIMILARITy.-The regulations promulgated 

under paragraph (1) shall be substantially similar to the 
requirements set forth in subsections (a) and (b). 
(e) UNIFORMITy.-After the effective dates of a requirement 

set forth in subsection (a), (b), or (c) or a regulation promulgated 
by the Administrator under subsection (d), no Federal agency, State, 
or political subdivision of a State may enforce any easy removability 
or environmental labeling requirement for a rechargeable battery 
or rechargeable consumer product that is not identical to the 
requirement or regulation. 

CD EXEMPTIONS.-
(1) IN GENERAL.-With respect to any rechargeable 

consumer product, any person may submit an application to 
the Administrator for an exemption from the requirements 
of subsection (a) in accordance with the procedures under para
graph (2). The application shall include the following informa
tion: 

(A) A statement of the specific basis for the request 
for the exemption. 

(B) The name, business address, and telephone number 
of the applicant. 
(2) GRANTING OF EXEMPTION.-Not later than 60 days after 

receipt of an application under paragraph (1), the Administrator 
shall approve or deny the application. On approval of the 
application the Administrator shall grant an exemption to the 
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applicant. The exemption shall be issued for a period of time 
that the Administrator determines to be appropriate, except 
that the period shall not exceed 2 years. The Administrator 
shall grant an exemption on the basis of evidence supplied 
to the Administrator that the manufacturer has been unable 
to commence manufacturing the rechargeable consumer product 
in compliance with the requirements of this section and with 
an equivalent level of product performance without the prod
uct-

(A) posing a threat to human health, safety, or the 
environment; or 

(B) violating requirements for approvals from govern
mental agencies or widely recognized private standard
setting organizations (including Underwriters Labora
tories). 
(3) RENEWAL OF EXEMPTION.-A person granted an exemp

tion under paragraph (2) may apply for a renewal of the exemp
tion in accordance with the requirements and procedures 
described in paragraphs (1) and (2). The Administrator may 
grant a renewal of such an exemption for a period of not 
more than 2 years after the date of the granting of the renewal. 

SEC. 104. REQUIREMENTS. 

(a) BATTERIES SUBJECT TO CERTAIN REGULATIONs.-The collec
tion, storage, or transportation of used rechargeable batteries, bat
teries described in section 3(5)(C) or in title II, and used recharge
able consumer products containing rechargeable batteries that are 
not easily removable rechargeable batteries, shall, notwithstanding 
any law of a State or political subdivision thereof governing such 
collection, storage, or transportation, be regulated under applicable 
provisions of the regulations promulgated by the Environmental 
Protection Agency at 60 Fed. Reg. 25492 (May 11, 1995), as effective 
on May 11, 1995, except as provided in paragraph (2) of subsection 
(b) and except that-

(1) the requirements of 40 CFR 260.20, 260.40, and 260.41 
and the equivalent requirements of an approved State program 
shall not apply, and 

(2) this section shall not apply to any lead acid battery 
managed under 40 CFR 266 subpart G or the equivalent 
requirements of an approved State program. 
(b) ENFORCEMENT UNDER SOLID WASTE DISPOSAL ACT.-(l) 

Any person who fails to comply with the requirements imposed 
by subsection (a) of this section may be subject to enforcement 
under applicable provisions of the Solid Waste Disposal Act. 

(2) States may implement and enforce the requirements of 
subsection (a) if the Administrator finds that-

(A) the State has adopted requirements that are identical 
to those referred to in subsection (a) governing the collection, 
storage, or transportation of batteries referred to in subsection 
(a); and 

(B) the State provides for enforcement of such require
ments. 
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TITLE II-MERCURY-CONTAINING 
BATTERY MANAGEMENT ACT 

SEC. 201. SHORT TITLE. 

This title may be cited as the "Mercury-Containing Battery 
Management Act". 
SEC. 202. PURPOSE. 

The purpose of this title is to phase out the use of batteries 
containing mercury. 
SEC. 203. LIMITATIONS ON THE SALE OF ALKALINE-MANGANESE BAT

TERIES CONTAINING MERCURY. 

No person shall sell, offer for sale, or offer for promotional 
purposes any alkaline-manganese battery manufactured on or after 
the date of enactment of this Act, with a mercury content that 
was intentionally introduced (as distinguished from mercury that 
may be incidentally present in other materials), except that the 
limitation on mercury content in alkaline-manganese button cells 
shall be 25 milligrams of mercury per button cell. 
SEC. 204. LIMITATIONS ON THE SALE OF ZINC-CARBON BATTERIES 

CONTAINING MERCURY. 

No person shall sell, offer for sale, or offer for promotional 
purposes any zinc-carbon battery manufactured on or after the 
date of enactment of this Act, that contains mercury that was 
intentionally introduced as described in section 203. 
SEC. 205. LIMITATIONS ON THE SALE OF BUTTON CELL MERCURIC

OXIDE BATTERIES. 

No person shall sell, offer for sale, or offer for promotional 
purposes any button cell mercuric-oxide battery for use in the 
United States on or after the date of enactment of this Act. 
SEC. 206. LIMITATIONS ON THE SALE OF OTHER MERCURIC-OXIDE 

BATTERIES. 

(a) PROHIBITION.-On or after the date of enactment of this 
Act, no person shall sell, offer for sale, or offer for promotional 
purposes a mercuric-oxide battery for use in the United States 
unless the battery manufacturer, or the importer of such a battery-

(1) identifies a collection site in the United States that 
has all required Federal, State, and local government approvals, 
to which persons may send used mercuric-oxide batteries for 
recycling or proper disposal; 

(2) informs each of its purchasers of mercuric-oxide bat
teries of the collection site identified under paragraph (1); and 

(3) informs each of its purchasers of mercuric-oxide bat
teries of a telephone number that the purchaser may call to 
get information about sending mercuric-oxide batteries for 
recycling or proper disposal. 
(b) APPLICATION OF SECTION.-This section does not apply to 

a sale or offer of a mercuric-oxide button cell battery. 
SEC. 207. NEW PRODUCT OR USE. 

On petition of a person that proposes a new use for a battery 
technology described in this title or the use of a battery described 
in this title in a new product, the Administrator may exempt 
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from this title the new use of the technology or the use of such 
a battery in the new product on the condition, if appropriate, 
that there exist reasonable safeguards to ensure that the resulting 
battery or product without an easily removable battery will not 
be disposed of in an incinerator, composting facility, or landfill 
(other than a facility regulated under subtitle C of the Solid Waste 
Disposal Act (42 U.S.C. 6921 et seq.». 

Speaker of the House of Representatives. 

Vice President of the United States and 
President of the Senate. 
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Public Law 110-414 
110th Congress 

An Act 
To prohibit the sale, distribution, transfer, and export of elemental mercury, and 

for other purposes. 

Be it enacted by the Senate and House of Representatives of 
the United States of America in Congress assembled, 

SECTION 1. SHORT TITLE. 

This Act may be cited as the "Mercury Export Ban Act of 
2008". 

SEC. 2. FINDINGS. 

Congress finds that-
(1) mercury is highly toxic to humans, ecosystems, and 

wildlife; 
(2) as many as 10 percent of women in the United States 

of childbearing age have mercury in the blood at a level that 
could put a baby at risk; 

(3) as many as 630,000 children born annually in the 
United States are at risk of neurological problems related to 
mercury; 

(4) the most significant source of mercury exposure to 
people in the United States is ingestion of mercury-contami
nated fish; 

(5) the Environmental Protection Agency reports that, as 
of 2004-

(A) 44 States have fish advisories covering over 
13,000,000 lake acres and over 750,000 river miles; 

(B) in 21 States the freshwater advisories are state
wide; and 

(C) in 12 States the coastal advisories are statewide; 
(6) the long-term solution to mercury pollution is to mini

mize global mercury use and releases to eventually achieve 
reduced contamination levels in the environment, rather than 
reducing fish consumption since uncontaminated fish rep
resents a critical and healthy source of nutrition worldwide; 

(7) mercury pollution is a transboundary pollutant, depos
iting locally, regionally, and globally, and affecting water bodies 
near industrial sources (including the Great Lakes) and remote 
areas (including the Arctic Circle); 

(8) the free trade of elemental mercury on the world 
market, at relatively low prices and in ready supply, encourages 
the continued use of elemental mercury outside of the United 
States, often involving highly dispersive activities such as 
artisinal gold mining; 

Oct. 14, 2008 

[S.906] 

Mercury Export 
Ban Act of 2008. 
15 USC 2601 
note. 

15 USC 2611 
note. 
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Effective date. 

Effective date. 

(9) the intentional use of mercury is declining in the United 
States as a consequence of process changes to manufactured 
products (including batteries, paints, switches, and measuring 
devices), but those uses remain substantial in the developing 
world where releases from the products are extremely likely 
due to the limited pollution control and waste management 
infrastructures in those countries; 

(10) the member countries of the European Union collec
tively are the largest source of elemental mercury exports glob
ally; 

(11) the European Commission has proposed to the Euro
pean Parliament and to the Council of the European Union 
a regulation to ban exports of elemental mercury from the 
European Union by 2011; 

(12) the United States is a net exporter of elemental mer
cury and, according to the United States Geological Survey, 
exported 506 metric tons of elemental mercury more than the 
United States imported during the period of 2000 through 
2004; and 

(13) banning exports of elemental mercury from the United 
States will have a notable effect on the market availability 
of elemental mercury and switching to affordable mercury alter
natives in the developing world. 

SEC. 3. PROHIBITION ON SALE, DISTRIBUTION, OR TRANSFER OF ELE
MENTAL MERCURY. 

Section 6 of the Toxic Substances Control Act (15 U.S.C. 2605) 
is amended by adding at the end the following: 

"(D MERCURY.-
"(1) PROHIBITION ON SALE, DISTRIBUTION, OR TRANSFER OF 

ELEMENTAL MERCURY BY FEDERAL AGENCIEs.-Except as pro
vided in paragraph (2), effective beginning on the date of enact
ment of this subsection, no Federal agency shall convey, sell, 
or distribute to any other Federal agency, any State or local 
government agency, or any private individual or entity any 
elemental mercury under the control or jurisdiction of the Fed
eral agency. 

"(2) EXCEPTIONs.-Paragraph (1) shall not apply to-
"(A) a transfer between Federal agencies of elemental 

mercury for the sole purpose of facilitating storage of mer
cury to carry out this Act; or 

"(B) a conveyance, sale, distribution, or transfer of 
coal. 
"(3) LEASES OF FEDERAL COAL.-Nothing in this subsection 

prohibits the leasing of coal.". 
SEC. 4. PROHIBITION ON EXPORT OF ELEMENTAL MERCURY. 

Section 12 of the Toxic Substances Control Act (15 U.S.C. 
2611) is amended-

(1) in subsection (a) by striking "subsection (b)" and 
inserting "subsections (b) and (c)"; and 

(2) by adding at the end the following: 
"(c) PROHIBITION ON EXPORT OF ELEMENTAL MERCURY.-

"(1) PROHIBITION.-Effective January 1, 2013, the export 
of elemental mercury from the United States is prohibited. 

"(2) INAPPLICABILITY OF SUBSECTION (a).-Subsection (a) 
shall not apply to this subsection. 

"(3) REPORT TO CONGRESS ON MERCURY COMPOUNDS.-
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"(A) REPORT.-N ot later than one year after the date Publication. 
of enactment of the Mercury Export Ban Act of 2008, 
the Administrator shall publish and submit to Congress 
a report on mercuric chloride, mercurous chloride or cal-
omel, mercuric oxide, and other mercury compounds, if 
any, that may currently be used in significant quantities 
in products or processes. Such report shall include an anal-
ysis of-

"(i) the sources and amounts of each of the mercury 
compounds imported into the United States or manu
factured in the United States annually; 

"(ii) the purposes for which each of these com
pounds are used domestically, the amount of these 
compounds currently consumed annually for each pur
pose, and the estimated amounts to be consumed for 
each purpose in 2010 and beyond; 

"(iii) the sources and amounts of each mercury 
compound exported from the United States annually 
in each of the last three years; 

"(iv) the potential for these compounds to be proc
essed into elemental mercury after export from the 
United States; and 

"(v) other relevant information that Congress 
should consider in determining whether to extend the 
export prohibition to include one or more of these mer
cury compounds. 
"(B) PROCEDURE.-For the purpose of preparing the 

report under this paragraph, the Administrator may utilize 
the information gathering authorities of this title, including 
sections 10 and II. 
"( 4) ESSENTIAL USE EXEMPTION.-(A) Any person residing 

in the United States may petition the Administrator for an 
exemption from the prohibition in paragraph (1), and the 
Administrator may grant by rule, after notice and opportunity 
for comment, an exemption for a specified use at an identified 
foreign facility if the Administrator finds that-

"(i) nonmercury alternatives for the specified use are 
not available in the country where the facility is located; 

"(ii) there is no other source of elemental mercury 
available from domestic supplies (not including new mer
cury mines) in the country where the elemental mercury 
will be used; 

"(iii) the country where the elemental mercury will 
be used certifies its support for the exemption; 

"(iv) the export will be conducted in such a manner 
as to ensure the elemental mercury will be used at the 
identified facility as described in the petition, and not 
otherwise diverted for other uses for any reason; 

"(v) the elemental mercury will be used in a manner 
that will protect human health and the environment, taking 
into account local, regional, and global human health and 
environmental impacts; 

"(vi) the elemental mercury will be handled and man
aged in a manner that will protect human health and 
the environment, taking into account local, regional, and 
global human health and environmental impacts; and 
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"(vii) the export of elemental mercury for the specified 
use is consistent with international obligations of the 
United States intended to reduce global mercury supply, 
use, and pollution. 
"(B) Each exemption issued by the Administrator pursuant 

to this paragraph shall contain such terms and conditions as 
are necessary to minimize the export of elemental mercury 
and ensure that the conditions for granting the exemption 
will be fully met, and shall contain such other terms and 
conditions as the Administrator may prescribe. No exemption 
granted pursuant to this paragraph shall exceed three years 
in duration and no such exemption shall exceed 10 metric 
tons of elemental mercury. 

"(C) The Administrator may by order suspend or cancel 
an exemption under this paragraph in the case of a violation 
described in subparagraph (D). 

"(D) A violation of this subsection or the terms and condi
tions of an exemption, or the submission of false information 
in connection therewith, shall be considered a prohibited act 
under section 15, and shall be subject to penalties under section 
16, injunctive relief under section 17, and citizen suits under 
section 20. 

"(5) CONSISTENCY WITH TRADE OBLIGATIONS.-Nothing in 
this subsection affects, replaces, or amends prior law relating 
to the need for consistency with international trade obligations. 

"(6) EXPORT OF COAL.-Nothing in this subsection shall 
be construed to prohibit the export of coal.". 

Deadline. SEC. 5. LONG-TERM STORAGE. 
42 USC 6939f. 

Public 
infonnation. 

(a) DESIGNATION OF F ACILITY.-
(1) IN GENERAL.-Not later than January 1, 2010, the Sec

retary of Energy (referred to in this section as the "Secretary") 
shall designate a facility or facilities of the Department of 
Energy, which shall not include the Y-12 National Security 
Complex or any other portion or facility of the Oak Ridge 
Reservation of the Department of Energy, for the purpose of 
long-term management and storage of elemental mercury gen
erated within the United States. 

(2) OPERATION OF FACILITY.-Not later than January 1, 
2013, the facility designated in paragraph (1) shall be oper
ational and shall accept custody, for the purpose of long-term 
management and storage, of elemental mercury generated 
within the United States and delivered to such facility. 
(b) FEES.-

(1) IN GENERAL.-After consultation with persons who are 
likely to deliver elemental mercury to a designated facility 
for long-term management and storage under the program pre
scribed in subsection (a), and with other interested persons, 
the Secretary shall assess and collect a fee at the time of 
delivery for providing such management and storage, based 
on the pro rata cost of long-term management and storage 
of elemental mercury delivered to the facility. The amount 
of such fees-

(A) shall be made publically available not later than 
October 1,2012; 

(B) may be adjusted annually; and 
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(C) shall be set in an amount sufficient to cover the 
costs described in paragraph (2). 
(2) CosTs.-The costs referred to in paragraph (1)(C) are 

the costs to the Department of Energy of providing such 
management and storage, including facility operation and 
maintenance, security, monitoring, reporting, personnel, 
administration, inspections, training, fire suppression, closure, 
and other costs required for compliance with applicable law. 
Such costs shall not include costs associated with land acquisi
tion or permitting of a designated facility under the Solid 
Waste Disposal Act or other applicable law. Building design 
and building construction costs shall only be included to the 
extent that the Secretary finds that the management and stor
age of elemental mercury accepted under the program under 
this section cannot be accomplished without construction of 
a new building or buildings. 
(c) REPORT.-Not later than 60 days after the end of each 

Federal fiscal year, the Secretary shall transmit to the Committee 
on Energy and Commerce of the House of Representatives and 
the Committee on Environment and Public Works of the Senate 
a report on all of the costs incurred in the previous fiscal year 
associated with the long-term management and storage of elemental 
mercury. Such report shall set forth separately the costs associated 
with activities taken under this section. 

(d) MANAGEMENT STANDARDS FOR A FACILITY.-
(1) GUIDANCE.-Not later than October 1, 2009, the Sec- Procedures. 

retary, after consultation with the Administrator of the Standards. 
Environmental Protection Agency and all appropriate State 
agencies in affected States, shall make available, including 
to potential users of the long-term management and storage 
program established under subsection (a), guidance that estab-
lishes procedures and standards for the receipt, management, 
and long-term storage of elemental mercury at a designated 
facility or facilities, including requirements to ensure appro-
priate use of flasks or other suitable shipping containers. Such 
procedures and standards shall be protective of human health 
and the environment and shall ensure that the elemental mer-
cury is stored in a safe, secure, and effective manner. In addi-
tion to such procedures and standards, elemental mercury man-
aged and stored under this section at a designated facility 
shall be subject to the requirements of the Solid Waste Disposal 
Act, including the requirements of subtitle C of that Act, except 
as provided in subsection (g)(2) of this section. A designated 
facility in existence on or before January 1, 2013, is authorized 
to operate under interim status pursuant to section 3005(e) 
of the Solid Waste Disposal Act until a final decision on a 
permit application is made pursuant to section 3005(c) of the 
Solid Waste Disposal Act. Not later than January 1, 2015, Deadline. 
the Administrator of the Environmental Protection Agency (or 
an authorized State) shall issue a final decision on the permit 
application. 

(2) TRAINING.-The Secretary shall conduct operational 
training and emergency training for all staff that have respon
sibilities related to elemental mercury management, transfer, 
storage, monitoring, or response. 
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Records. 

Notification. 
Deadline. 

(3) EQUIPMENT.-The Secretary shall ensure that each des
ignated facility has all equipment necessary for routine oper
ations, emergencies, monitoring, checking inventory, loading, 
and storing elemental mercury at the facility. 

(4) FIRE DETECTION AND SUPPRESSION SYSTEMs.-The Sec
retary shall-

(A) ensure the installation of fire detection systems 
at each designated facility, including smoke detectors and 
heat detectors; and 

(B) ensure the installation of a permanent fire suppres
sion system, unless the Secretary determines that a perma
nent fire suppression system is not necessary to protect 
human health and the environment. 

(e) INDEMNIFICATION OF PERSONS DELNERING ELEMENTAL MER
CURY.-

(1) IN GENERAL.-(A) Except as provided in subparagraph 
(B) and subject to paragraph (2), the Secretary shall hold harm
less, defend, and indemnify in full any person who delivers 
elemental mercury to a designated facility under the program 
established under subsection (a) from and against any suit, 
claim, demand or action, liability, judgment, cost, or other 
fee arising out of any claim for personal injury or property 
damage (including death, illness, or loss of or damage to prop
erty or economic loss) that results from, or is in any manner 
predicated upon, the release or threatened release of elemental 
mercury as a result of acts or omissions occurring after such 
mercury is delivered to a designated facility described in sub
section (a). 

(B) To the extent that a person described in subparagraph 
(A) contributed to any such release or threatened release, 
subparagraph (A) shall not apply. 

(2) CONDITIONS.-N 0 indemnification may be afforded 
under this subsection unless the person seeking indemnifica
tion-

(A) notifies the Secretary in writing within 30 days 
after receiving written notice of the claim for which indem
nification is sought; 

(B) furnishes to the Secretary copies of pertinent 
papers the person receives; 

(C) furnishes evidence or proof of any claim, loss, or 
damage covered by this subsection; and 

(D) provides, upon request by the Secretary, access 
to the records and personnel of the person for purposes 
of defending or settling the claim or action. 
(3) AUTHORITY OF SECRETARY.-(A) In any case in which 

the Secretary determines that the Department of Energy may 
be required to make indemnification payments to a person 
under this subsection for any suit, claim, demand or action, 
liability, judgment, cost, or other fee arising out of any claim 
for personal injury or property damage referred to in paragraph 
(1)(A), the Secretary may settle or defend, on behalf of that 
person, the claim for personal injury or property damage. 

(B) In any case described in subparagraph (A), if the person 
to whom the Department of Energy may be required to make 
indemnification payments does not allow the Secretary to settle 
or defend the claim, the person may not be afforded indem
nification with respect to that claim under this subsection. 
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(D TERMS, CONDITIONS, AND PROCEDUREs.-The Secretary is 
authorized to establish such terms, conditions, and procedures as 
are necessary to carry out this section. 

(g) EFFECT ON OTHER LAW.-
(1) IN GENERAL.-Except as provided in paragraph (2), 

nothing in this section changes or affects any Federal, State, 
or local law or the obligation of any person to comply with 
such law. 

(2) EXCEPTION.-(A) Elemental mercury that the Secretary 
is storing on a long-term basis shall not be subject to the 
storage prohibition of section 3004(j) of the Solid Waste Disposal 
Act (42 U.S.C. 6924(j». For the purposes of section 3004(j) 
of the Solid Waste Disposal Act, a generator accumulating 
elemental mercury destined for a facility designated by the 
Secretary under subsection (a) for 90 days or less shall be 
deemed to be accumulating the mercury to facilitate proper 
treatment, recovery, or disposal. 

(B) Elemental mercury may be stored at a facility with Certification. 
respect to which any permit has been issued under section 
3005(c) of the Solid Waste Disposal Act (42 U.S.C. 6925(c», 
and shall not be subject to the storage prohibition of section 
3004(j) of the Solid Waste Disposal Act (42 U.S.C. 6924(j» 
if-

(i) the Secretary is unable to accept the mercury at 
a facility designated by the Secretary under subsection 
(a) for reasons beyond the control of the owner or operator 
of the permitted facility; 

(ii) the owner or operator of the permitted facility 
certifies in writing to the Secretary that it will ship the 
mercury to the designated facility when the Secretary is 
able to accept the mercury; and 

(iii) the owner or operator of the permitted facility 
certifies in writing to the Secretary that it will not sell, 
or otherwise place into commerce, the mercury. 

This subparagraph shall not apply to mercury with respect 
to which the owner or operator of the permitted facility fails 
to comply with a certification provided under clause (ii) or 
(iii) . 
(h) STUDY.-Not later than July 1, 2014, the Secretary shall Deadline. 

transmit to the Congress the results of a study, conducted in con
sultation with the Administrator of the Environmental Protection 
Agency, that-

(1) determines the impact of the long-term storage program 
under this section on mercury recycling; and 

(2) includes proposals, if necessary, to mitigate any negative 
impact identified under paragraph (1). 

SEC. 6. REPORT TO CONGRESS. 

At least 3 years after the effective date of the prohibition 
on export of elemental mercury under section 12(c) of the Toxic 
Substances Control Act (15 U.S.C. 2611(c», as added by section 
4 of this Act, but not later than January 1,2017, the Administrator 
of the Environmental Protection Agency shall transmit to the Com
mittee on Energy and Commerce of the House of Representatives 
and the Committee on Environment and Public Works of the Senate 
a report on the global supply and trade of elemental mercury, 
including but not limited to the amount of elemental mercury 
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traded globally that originates from primary mining, where such 
primary mining is conducted, and whether additional primary 
mining has occurred as a consequence of this Act. 

Approved October 14, 2008. 
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EXECUTIVE SUMMAR.Y 

This report presents the findings and conclusions of the initial assess
ment study (lAS) conducted at Hunters Point Naval Shipyard (Disestablished) San 
Francisco, California. The purpose of an lAS is to identify and asseSS sites 
posing a potential threat to human health or to the environment due to contami
nation from past hazardous material operations. 

Hunters Point Naval Shipyard (BPNS) was disestablished in June 1974. The 
property then became formally known as Hunters Point Naval Shipyard (Disestab
lished). In 1976, most of the Navy-owned property at Hunters Point was leased 
to Triple A Machine Shop, Incorporated, which currently operates the facility 
as a commercial shipyard. Supervisor of Shipbuilding, Conversion and Repair 
(SUPSHIP), San Francisco, occupies the Navy-retained portion of the property 
and acts as the lease administrator. 

The.lAS team determined that 12 sites exist at lIPNS where hazardous wastes 
were disposed of or spilled. This determination was based on information from 
historical records, aerial photographs t field surveys, and personnel inter
views. Each site was assessed with regard to contamination characteristics, 
migration pathways, and pollutant receptors. The lAS team concluded that six 
(6) of the 12 sites identified pose a potential threat to human health or the 
environment and warrant Confirmation Studies. A Confirmation Study involves 
the sampling and monitoring of a site in order to confirm the presence of con
tamination and the quantity and migration pathways of the contaminants. The 
sites recommended· for Confirmation Studies are: 

• Site 1, Oil Reclamation Ponds 
• Site 3, Industrial Landfill 
• Site 5, Scrap Yard 
• Site 6, Old Transformer Storage 'Yard 
• Site 9, Bay Fill Area 
• Site 11, Battery and Electroplating Shop 

The results of the Confirmation Studies will be used to evaluate the need 
for conducting remedial measures or cleanup operations. Those sites for which 
Confirmation Studies are not warranted but for which further corrective action 
is recommended, are listed below: 

• Site 4, Abandoned 55-Gallon Drums 
• Site 7, Building 521 - Power Plant 
• Site 8, Pickling and Plate Yard 
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FOREWORD 

The Department of the Navy developed the Navy Assessment and Control of Instal
lation Pollutants (NACIP) Program to identify and control environmental contam
ination from past use and disposal of hazardous substances at Navy and Marine 
Corps installations. The NACIP program is part of the Department of Defense 
Installation Restoration Program, and is similar to the Environmental Protec
tion Agency's "Superfund" program authorized by the Comprehensive Environmental 
RespoRse, Compensation, and Liability Act of 1980. 

In the first phase of the NACIP program, a team. of engineers and scientists 
conducts an Initial Assessment Study (lAS). The lAS team collects and evaluates 
evidence of· contamination that may pose 8 potential threat to human health or to 
the environment. The lAS includes a review of archival and activity records, 
interviews with activity personnel, and conducts an onsite survey of the activ
ity. This report documents the findings of an lAS at the Hunters Point Naval 
Shipyard (Disestablished) HPNS , San Francisco, California, which is currently 
administrated by.Supervisor of Shipbuilding, Conversion and Repair (SUPSHIP) 
San Francisco. 

Confirmation Studies under the NACIP program were recommended for six sites at 
HPNS. Western Division, Naval Facilities Engineering Command (WESTNAVFACENG
COM), will assist SUPSRIP San Francisco in implementing the recommendations. 

Questions regarding this report should be referred to the Naval Energy and 
Environmental Support Ac::tivity, 112N, at AUTOVON 360-3351, FTS 799-3351, or 
cOlDIDercial (805) 982-3351. Questions concerning confirmation vork or other 
follow-on efforts should be referred to WESTNAVFACENGCOM, 114, at AUTOVON-S59-
7497, FIS 448-7497, or commercial (415) 877-7497. 

W.L. NELSON, LCDR, CEC,. USN 
Environmental Officer 

Naval Energy and Environmental Support Ac::tivity 
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CHAPTER 1. INTRODUCTION 

1.1 PROGRAM BACKGROUND. Past hazardous waste disposal methods, although 
acceptable at the time, have often caused unexpected long-term problems through 
release of hazardous pollutants into the soil and ground water. In response to 
increasing national concern regarding these problems, Congress directed the 
Environmental Protection Agency (EPA) to develop a comprehensive national pro
gram to manage past disposal sites. The program is outlined in the Comprehen
sive Environmental Response, Compensation, and Liability Act (CERCLA) of Decem
ber 1980. 

1.1.1 Department of Defense Program.. Department of Defense (DOD) efforts in 
this area preceded the nationwide CERCLA program. In 1975, the U.S. Army devel
oped for DOD a pilot program to investigate past disposal sites at military 
installations. DOD defined the program as the Installation Restoration Program 
in 198~,and instructed the services to comply with program guidelines. 

1.1. 2 Navy Program. The Navy manages its part of the program, the Navy Assess
ment and Control of Installation Pollutants (NACIP) Program, in three phases. 
Phase 1, the Initial AS8eSSlIIent Study (IAS), identifies disposal sites and 
contaminated areas caused by past hazardous substance storage, handling, or 
disposal practices at naval activities. These sites are then individually 
evaluated with respect to their potential threat to hWllan health or to the 
environment. Phase 2, the Confirmation Study, verifies or characterizes the 
extent of contamination pruettt and provides additional information about 
migration pathways~ Phase 3, Remedial Action, provides the required corrective 
measures to mitigate or eliminate confirmed problems. 

1. 2 AtrrHORITY. The Chief of Naval Operations (CNO) initiated the NACIP Program 
in OPNAVNOTE 6240 of 11 September '1980, superseded by OPNAVINST 5090.1 of 26 May 
1983. The Naval Facilities Engineering Command (NAVFACENGCOM) manages the 
program within the existing structure of the Naval Environmental Protection 
Support Service (HEPSS), which is administered by the Naval Energy and Environ
mental Support Activity (NAVERENVSA). NAVENENVSA conducts the program; s 
Phase 1 IAS in coordination with HAVFACENGCOM Engineering Field Divisions 
(EFDs). Activities are selected for an lAS by CNO, based on recommendations by 
NAVYACENGCOM, the regional EFDs, and NAVENENVSA. Approval of Hunters Point 
Naval Shipyard (Disestablished), San Francisco, California, for an Initial 
Assessment Study is given in eNO letter serial 451/3U392444 of 5 July 1983. 

1.3 SCOPE. 

1.3.1 Past Operations. The NAClP Program focuses attention on past hazardous 
substance storage, use, and disposal practices on Navy property. Current prac
tices are regularly surveyed for conformity to state and federal regulations, 
and tberefore, are not included in the scope of the NACIP Program. The lAS 
report addresses operational non-hazardous waste disposal and storage areas 
only if they were hazardous waste disposal or storage areas in the past. Cur
rent operations are investigated solely to determine what types and quantities 
of materials were used, and what disposal methods were practiced. 
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1.3.2 Results. If necessary, an LAS recommends mitigating actions to be per
formed by the activity or EFD, or recommends Confirmation Studies to be admin
istered by the EFD under the NACIP Program. Based on these recommendations, 
NAVFACENGCOM schedules Confirmation Studies for those sites determined by sci
entific and engineering judgment to pose a potential threat to human health or 
to the envirotlDlent. 

1.4 INITIAL ASSESSMENT STUDY. 

1.4.1 Records Searches. The !AS begins with records searches at various 
government agencies; including the EFDs, the national and regional archives and 
record centers, and U. s. Geological Survey offices. In this integral step, 
study team members review records to assimilate information about the activ
ity's past missions, industrial processes, waste disposal records, and known 
environmental contamination. Examples of records researched include activity 
master plans and histories, environmental impact statements, cadastral records, 
and aerial photographs. Appendu A lists the agencies contacted during this 
study. 

1.4.2 On-Site Survey. After the records searches, the study team conducts an 
on-site survey to complete documentation of past and present operations and past 
disposal practices and to identify potentially contaminated areas. With the 
assistance of an activity point of contact, the team inspects the activity 
during ground and aerial tours, and interviews long-term employees and 
retirees. Theon-site survey for Runters Point Naval Shipyard (Disestablished) 
[HPNS] , San Francisco was conducted from 13-17 February 1964; report informa
tion is current ai of those dates. A location map that shows the HPNS regional 
area is presented in Figure 1-1. . 

Information obtained from interviews is verified by data from other sources or 
corroborating interviews before inclusion in the report. If information for 
certain sites is conflicting or inadequate, the team may collect samples for 
clarification. 

1.4.3 Confirmation Study Ranking System. With informaeion collected during 
the study, lAS team members evaluate each site for its potential hazard to human 
health or to the environment. A two-step Confirmation Study Ranking Sy:;tem 
(CSRS), developed at NAVENENVSA, is used to systematically evaluate. the rela
tive severity of potential problems. The two steps of the csas are a flowchart 
and a numerical ranking model. In the first step, a flowchart eliminates 
innocuous sites from further consideration. The flowchart is based on type of 
waste, type of containment, and hydrogeology. If the flowchart' indicates that a 
site poses a potential threat to human health or to the environment, the ranking 
model is applied. The model assigns a numerical score from 0 to 100 to each 
site. The score reflects the characteristics of the wastes, the potential 
migration pathways from the site, and possible contaminant receptors on and off 
the activity. 

1.4.4 Site Ranking. After scoring a site, engineering judgment is applied to 
determine the need for a Confirmation Study or a mitigating action. At sites 
recommended for further work, CSRS scores are used to rank the sites in a 
prioritized list for scheduling projects. For a more detailed descript.ion, 
refer to NAVENENVSA Confirmation Study Ranking System (NEESA 20.2-042). 
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1.4.5 Confirmation Study Criteria. A Confirmation Study is recommended for 
sites at which (1) sufficient evidence exists to indicate the presence of con
tamination, and (2) the contamination poses a potential threat to human health 
or to the environment. 

1.5 CONFIRMATION STUDY. Generally, the EFD conducts the Confirmation Study in 
two phases--verific:ation and characterization. ·In the verification phase, 
short-term analytical testing and monitoring detet'1lline.s whether specific toxic 
and hazardous materials, identified in the lAS, are present in concentrations 
considered to be hazardous. If required, a characterization phase, using 
longer-term testing and monitoring, provides more detailed information concern
ing the horizontal and vertical distribution of contamination migrating from 
sites, as well as site hydrogeology. If sites require remedial actions or 
additional monitoring programs, the Confirmation Study recommendations include 
the necessary planning information for the work, such as design parameters. 

1.6 lAS REPORT CONTENTS. In this report, the significant findings, conclu
sions, and recommendations from the lAS are presented in Chapters 2 and 3. 
Chapter 4 describes general activity information, history, physical features, 
and biology. Chapters 5 through 8 trace the use of chemicals and hazardous 
materials, from storage and transfer, through manufacturing and operations, to 
waste processing and disposal. The later chapters provide detailed documenta
tion to support the findings and conclusions in Chapter 2. 
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CHAPTER 2. SIGNIFICANT FINDINGS AND CONCLUSIONS 

2.1 INTRODUCTION. This chapter summarizes the significant findings and con
clusions made by the Initial Assessment Study (LAS) team for Hunters Point Naval 
Shipyard (Disestablished) [HPNS]. Twelve (12) past disposal sites are identi
fied in this lAS report. The location of these sites are shown in Figure 2-1. 
The lAS team has determined that six (6) sites pose a potential threat to human 
health or to the environment and warrant confirmation study. The confirmation 
study recommendations are discussed in Chapter 3. 

In the first part of this chapter, . the migration potential of contaminants and 
potential contaminant receptors are discussed. The remainder of this chapter 
briefly describes each site and summarizes the findings and conclusions which 
support or refute the existence of contamination and the potential threat to 
human health or to the environment. 

2.1.1 ·Hydrogeology and Migration Potential. This 8ection presents a summary 
of the hydrogeologic conditions and migration potential at HPNS. Migration 

. potential is related to the waste characteristics of the disposal sites, the 
soils, and the ground water system in the vicinity of the sites. 

HPNS is located in the San Francisoo Bay Area on the east side of the San 
Francisco Peninsula. The area is underlain by rocks which range in age from 
Jurassic-cretaceous to recent. The key formations relative to the migration of 
contaminants consist of the Franciscan Group, San Francisco Bay Mud, and artifi
cial fill. Ground water flows through the fractured bedrock aquifers, the 
unconsolidated formations, and the fill. 

In general, ground. water flows from the highland areas, a regional recharge 
area, to the bay area, a region discharge area. Therefore, potential mobile 
contaminants that enter the flow system within the shipyard area will flow 
towards the bay and, if mobile enough, will eventually discharge to the bay. It 
has been estimated tbat the velocity of contaminant migration is about 15 feet 
per year. 

Potable water for BPNS is supplied by the City of San Francisco. - There are no 
operational veIls within 1 mile of BPNS. However, there is a spring located 
within 1 mile of HPNS, which is used for bottling water by Mountain Spring Water 
Company. The spring is up gradient from HPNS si~es and therefore is not threat
ened by site contaminant migration (see Figure 2-1). 

2.1.2 Potential Contaminant Receptors. There are no potable water wells that 
would be affected by contaminant migration from BPNS. Ground water at HPNS is 
shallow, from just below land surface to· 10 feet deep. Ground water underlying 
BPNS flows toward the Bay. All surface water runoff, that is not collected by 
the storm water sewer system, drains naturally towards the Bay. 

The potential contaminant receptors at &PHS are the marine life in San Francisco 
Bay and humans that would come into direct contact with contaminated land 
surfaces. As described in Section 4.2, Biological Resources of this report, 
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there are no endangered marine fish or invertebrate species in the Bay surround
ing SPNS. However t the Bay marine habitat in the nearshore area of BPNS is used 
for recreational and (limited) commercial fishing. 

2.2 DISPOSAl SITES AND POTENTIALLY CONTAMINATED AREAS. 

2.2.1 Site I, Oil Reclamation Ponds. From 1944 to 1974 BPNS operated a waste 
oil reclamation system wieh used two man-mad.e unlined ponds for oil storage. 
The ponds were located on the southwest side of the shipyard 10 meters from the 
shore on bayfill. Oil wastes were generated from ships and industrial shops. 
The amount of waste oil reclaimed at the ponds varied from 0.5 to 2.0 million 
gallons per year. The ponds were periodically emptied by a contractor who 
bought the oil and transported it offsite. This lAS determined that chemicals 
such as trichloroethylene (solvents), caustic sodas, ethylene glycol and chro
mates were also disposed of in these ponds. The amount of liquid chemicals 
disposed of could not be determined. 

In 197~ the ponds were emptied and filled with soil. No additional remedial or 
cleanup action was undertaken. Based on evidence gathered in this LAS, waste 
oils, solvents, and chemicals still exist in the soils underlying the pond site. 
Therefore lAS team has concluded that there is a high potential for contaminants 
to reach the ground water and to migrate to the Bay. This migration would 
constitute a threat to the Bay environment. A confirmation study is recommended 
for this site. . 

2.2.2 Site 2, Burning Disposal Site. From 1945 to 1948 the shipyard operated 
an open, burning disposal site for garbage and refuse-type wastes. This l-acre 
site was closed in 1948 because odor and smoke impacted an adjacent Navy housing 
complex. Volumes of waste delivered to this site were estimated at 20 to 
40 tons per day. Total wastes disposed of amounted to 23,000 tons over a 3-year 
period. Burning of trash was conducted daily, thus significantly reducing the 
volume of solid waste in the site. The IAS team found no evidence which would 
indicate that hazardous or liquid wastes were disposed of in this site. 

Because of the lack of contamination from this site, the lAS team has concluded 
that this site does not pose a potential threat to human health or the environ
ment. It is recommended that no confirmation study be conducted for the site, 
and that no further action is warranted. 

2.2.3 Site 3. Industrial Landfill. From 1958 to 1974, the shipyard disposed of 
industrial and solid wastes along the west shore of the shipyard. Wastes 
included domestic waste and refuse, building construction and demolition 
wastes, dredge spoil materials, sand blast waste, shop industrial and chemical 
and solvent wastes, ship solid and liquid wastes from repair activities, and 
low-level radioactive wastes (from shipboard radium dials and electronics 
equipment). The lAS team estimates that over 1 million cubic yards of solid 
waste, 21,000 gallons of liquid chemical wastes, 500 cubic yards of asbestos, 
and 6000 pounds of fluorescent radium dials and knobs from ships, were disposed 
of over the 16 years the landfill was open. Over a 16-year period approximately 
20 acres 9f Bay was fil1ed by this operat.ion. The landfill site was closed, 
covered with fill material and landscaped (with natural grasses) in 1975. The 
water table in this are~ is about 6 feet below land surfAce. 
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Soon after the closure of the landfill, leachate was observed flowing from the 
landfill to the bay. In 1975 an HPNS construction project (Project P-262) 
attempted to construct a slurry wall to seal the landfill and prevent leachate 
from reaching the Bay. The attempted slurry wall did not work because buried 
solid waste debris (concrete, wood, etc.) prevented excavation and construction 
in the landfill. It is highly probable that toxic, hazardous and radiological 
wastes in the landfill have reached the ground water and are now migrating into 
the Bay. This contaminant migration presents a potential threat to the environ
ment of the Bay. The lAS team recommends that a confirmation study be performed 
for this site. 

2.2.4 Site 4. Abandoned 55-Gallon Drums. Since 1977, seven (7) chemical drums 
have been abandoned behind Building 816. One of the drums is labeled Styrene 
and another Pine Tar. All others are unlabeled. Visual inspection of the site 
showed evidence of spills from the drums. Assuming all drums were full when 
abandoned, the amount of spilled material is estimated at 40 gallons. 

Because of the relatively small size of the spill area and the distance to the 
Bay (1 mile), no confirmation study work is required. The !AS recommends that 
the drums be removed by a licensed waste disposal contractor. Prior to removing 
the drums, samples should be taken to determine the presence of hazardous 
material in the drums. This information should be used to determine if soil 
contamination has occurred and if remedial action to remove any soil is needed. 

2.2.5 Site 5, Scrap' Yard. From 1954 to 1974, the HPNS scrap yard stored 
significant quantities of used submarine battery lead and copper, along with 
used electrical capacitors. Handling, crushing, and storage of these wastes at 
this yard resulted in lead and copper residues entering the unpaved soil. PCBs 
from crushed capacitors also spilled onto the ground. 

Over the 30 year period, an estimated 42 million pounds of lead and 7 million 
pounds of copper were stored at the yard. It was estimated that approximately 
7000 pounds of lead and copper residue were rain washed onto the soil at the 
scrap yard. An estimated 250 gallons of PCBs from crushed capacitors may have 
been spilled on site over a 20-year period. 

Both the metal residues and PCB oils are not mobile in the soil and wourd not 
reach the ground water. It is, however, highly probable that these contaminants 
are still present .in the soil. This soil could pose a potential health threat 
to humans if they were to come into direct contact with the contaminated soil 
areas. Surface water runoff would also have the potential to carry soil contam
inants to the Bay. The lAS team recommends that a confirmation study be 
conducted for this site. 

2.2.6 Site 6 7 Old Transformer Storage Yard. From 1946 to 1974, used electrical 
transformers of various sizes were stored in a open yard 400 feet north of 
Building 704. The site was and still is unpaved. The number of transformers 
stored or the length of time each was st'ored at this site could not be deter
mined from historical records or interviews. (Currently the base uses a differ
ent area to store six to eight used transformers all of which eontain PCB.) 
Transformers were periodically hauled offsite by a contractor. Although there 
is no record or reports of transformer oil spills, it can be assumed that some 
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old transformers did leak oils and/or were emptied onsite resulting ~n contam
ination. 

The possibility of PCBs being contained in the transformer oils is high. How
ever, actual PCB spills at this site could not be documented. In the opinion of 
the lAS team, the potential for PCB contaminated soil is high. Although PCBs do 
not migrate in the soil, this situation could pose a potential threat to human 
health if direct contact with the soil were made. The lAS team recommends a 
confirmation study for this site. 

2.2.7 Site 7, Building 521 - Power Plant. A high-pressure boiler power plant 
in Building 521 operated from 1950 to 1969. Since its shutdown, deterioration 
of the facility has resulted in an accumulation of waste asbestos, battery acids 
and chemical containers. The soil surrounding Building 521 is unpaved. 

Outside the building, an estimated 400-500 pounds of asbestos lay exposed to the 
atmosphere. Fifteen 5-galloncontainers are also abandoned outside which are 
labeled as xylene, metal conditioner, and paints. 

Because the plant is closed there is no immediate threat to human health. The 
lAS team recommends a clean up and removal program for the asbestos and chemical 
containers. However, a confirmation study is not recommended. 

2.2.8 Site 8, Pickling and Plate Yard. From 1947 to 1973, the area next to 
'Building 411 was used as a steel pickling yard. Three empty acid storage tanks, 
three empty open (brick-lined) pits for dipping large steel plates and an open 
steel plate storage rack area characterize this site. This open rack area was 
mostly used to spray steel plates with zinc chromate primer. 

Chemicals used at this site included zinc chromate, sulfuric acids, sodium 
dicbromates and phospboric acids. Approximately 15,000 gallons a month of acid
contaminated rinse water was discharged into the combined storm and< sanitary 
sewer system. Acid and zinc chromate residues from 25 years of painting opera
tions coat most structures in this open pickling yard. 

The lAS team determined that the concrete paved yard and the drains which nOW 
discharge into the (separate) sanitary sewer system prevent contaminants from 
presently reaching the ground water or the Bay. The site does not pose an 
immediate threat to human health or the environment. However, the team does 
recommend a clean-up program of the zinc chromate residue. A confirmation study 
is not recommended for this site. 

2.2.9 Site 9. Bay Fill. From 1945 to 1978, the Bay shore area on the southwest 
edge of the shipyard was a site for the disposal of sandblast waste. An 
estimated 237,500 tons of abrasive (sandblast) waste was disposed of along the 
south shore of the shipyard. Sandblast waste contains sand aggregate, steel, 
copper and lead grit, rust, paint (lead-based) scrapings and other debris from 
the ship hulls being sandblasted. Paint scrapings are estimated to make up 
about 6 percent of the abrasive waste volume. Marine paint used on older (pre-
1978) ships contained lead, copper, and other heavy metals. 

The potential for heavy metals, such as lead, copper, and other sandblast 
contaminants to enter the ground water system and then to migrate to the Bay is 
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high. Therefore, a potential threat to the Bay environment exists. The LAS 
.• team recomm.ends a confinnation study for this Bay fill site. 

2.2.10 Site 10. Tank Farm. The diesel oil tank farm near Buildings 111 atJ.d 112 
has been used since 1942 and is currently still in use. There is one 4384 barrel 
(55 gallon/barrel) tank and nine 286 barrel tanks storing diesel fuel on the 
site. The tank farm is a site of past oil spills. Reportedly, in 1944 a 
286-barrel tank ruptured. Oil overflowed the tank fann berms and was cleaned 
up. Visual inspection of the area under the tanks shows evidence of past oil 
spills. 

The IAS team determined that the protective berms surrounding the tank farm, the 
paved ground, and the underlying bedrock prevent the migration of oil offsite. 
The site does not pose a threat to human health or the environment. No con
firmation study was recommended for this site. 

2.2.11 Site 11, Battery and Electroplating Shop. Between 1944 and 1974, Build
ing 123 operated as the submarine battery overhaul and storage shop as well as 
an electroplating shop. This building is currently used as a commercial ware
house. Waste acids contaminated with lead and copper spilled onto the shop 
floor almost continuously over the 30 years of operation. A total of 40 million 
pounds of lead was handled in this building and approximately 1.S million gal
lons' of spent acid was drained into floor drains. These liquid wastes were 
discharged to the storm sewer which discharged directly into the Bay. Approxi
mately 250,000 gallons of spent electrolyte containing heavy metals, lead, tin, 
chromium, and copper were also discharged to the storm sewer by the plating shop 
in this building." 

Contamination of the building floor with lead particulates poses a potential 
threat to the health of the present working population in the building. For 
this reason, the lAS team recommends a confirmation study for Site 11. _ 

2 .• 2.12 Site 12, Bay Sediments. From 1942 to 1977 the shipyard had a combined 
sanitary and" storm sewer system. Industrial shop wastewater was discharged to 
this system. and was pumped to the 'City and County of San Francisco's sewage 

. collection system and treatment plant. However, in periods of high storm water 
runoff which occurred about 9-12 times annually, diversion structures lIould 
direct the flow directly to the Bay. Overflows were discharged near Berth 4, 
near Lockwood and Donohue Streets, near Berth 15, and southwest of Mahan and 
J Streets. In addition, from 1942 to about 1970 the battery and electroplating 
shop (Building 123) and the acid mixing plant (Building 124) discharged indus
trial waste water directly to the Bay via storm drains at an area near Berth 64. 
This drain carried about 12,000 gallons per day of water containing sulfuric 
acid, solvents, hexavalent chromium, copper, and lead from plating and battery 
overhaul operations, all of which was discharged to the Bay. Sandblasting 
operations in the dry dock area also discharged blasting grit, paint scrapings, 
metal rust to the Bay. 

Considering the extensive amount of past industrial waste discharged to the Bay, 
the Bay sediment immediately surrounding the BPNS shore can be considered a past 
disposal site since it received the insoluble metals and particulates of the 
contaminated waste streams. The soluble portion was diluted in the Bay waters 
and carried away by tidal forces. Sediment samples taken in 1972 to support a 
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shipyard dredging permit application show elevated chemical oxygen demand, 
lead, volatile solids, and zinc. 1971 sediMent chemistry data also shows high 
copper levels. A 48 hour sediment bioassay conducted in 1971 did not, however, 
show significant mortality to fish. 

Based on the above findings, the lAS team has eoncluded that the Bay bottom 
sediments found immediately below the shipyard shoreline is contaminated with 
heavy metals and other hazardous pollutants. Future dredging of this sediment 
area will require prior approval from the U.S. Army Corps of Engineers, the Bay 
Area Regional Water Quality Control Board and the California Department of 
Health Services. However, the lAS team does not recommend that a eonfirmation 
study for Bay sediment be conducted. This site which has been documented to 
have contaminated sediment is best left undisturbed. Therefore, no further 
aetion for this site is recommended. 
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CHAPTER 3. RECOMMENDATIONS 

3.1 INTRODUCTION. This chapter presents recommendations for the 12 disposal" 
sites identified at Hunters Point Naval Shipyard (Disestablished) HPNS, San 
Francisco. Six of the sites pose a potential threat to human health or the 
environment and are recommended for confirmation studies (Sites 1, 3, 5, 6, 9, 
11), The Confirmation Study Ranking System (CSRS) is used to systematically 
evaluate the severity of potential problems at these sites. Three sites are 
listed as non-confirmation sites but recommendations are made for mitigation 
measures (Sites 4, 7, 8). Three sites have been identified that require no fur
ther action (Sites 2, 10, 12). Tables 3-1 and 3-2 summarize these recommenda
tions. 

The Confirmation Study recommendations in this chapter are designed to first 
verify the presence of contamination. Therefore, site-specific sampling pro
grams are only reco1Zllllended for a period of 1 year or less. Depending on the 
first year verification results, a further characterization of the extent of 
contamination at a given site mayor may not be warranted. Design of site
specific characterization work will depend on the results of the first year 
verification step. 

3.2 CONFIRMATION STUDIES. The lAS team concluded that confirmation studies 
are appropriate and warranted for HPNS sites 1, 3, 5, 6, 9 and 11. Sites 1, 3, 
5, 6 and 9 are recommended because they present a potential for contaminants to 
migrate to San Francisco Bay. Site 11 is recommended because a potential exists 
for an occupational health problem due to exposure to air-borne particulates 
containing lead inside 'Building 123. A discussion of confirmation and non
confirmation recommendations for each site is presented below. Table 3-2 sum
marizes the confirmation recommendations. 

For sites 1, 3, and 4 soil borings and monitoring wells are recommended. In 
general, the borings can be drilled with a hollow stem auger to a depth of about 
20 feet or into the Bay Mud geologic unit, whichever is shallowest. Split spoon 
(or similar sampling device) samples should be collected every 5 feet. These 
samples should be described geologically and be sent to a qualified laboratory 
to analyze for k~y constituents at the specific site. 

These borings can tben be used to install monitoring wells. These wells should 
be properly constructed and developed according to EPA guidelines described in 
40 CFR 264 Subpart F. The screened interval should be about 10 feet, starting 
in general, at a few feet above the water table. Sampling protocol should also 
be developed for each well and will depend on the constituents to be analyzed. 
If contamination is confirmed at the site, further testing may be needed to 
characterize the site and the extent of contamination before remedial action 
recommendations can be made. 
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Site Number 

59-1 

59-2 

59-3 

59-4 

59-5 

59-6 

59-7 

59-8 

59-9 

59-10 

59-11 

59-12 

Table 3-1 

Summary of Site Recommendations 

Site Name 

Oil Reclamation Ponds 

Burning Disposal Site 

Industrial Landfill 

Abandoned 55-gallon Drum3 

Serap Yard 

Old Transformer Storage Yard 

Building 521 - Power Plant 

Piekling and Plate Yard 

Bay Fill 

Tank Farm. 

Battery and Electro
plating Shop 

Bay Sediment 

3-2 

Recommendation 

Confirmation Study 

No Further Action 

Confirmation Study 

Mitigating Action 

Confirmation Study 

Confirmation Study 

Mitigating Aetion 

Mitigating Action 

Confirmation Study 

No Further Action 

Confirmation Study 

No Further Action 
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3.2.1 Site 1. Oil Reclamation Pond 

• Type of Samples: 

• Number of Ground Water 
Monitoring Wells: 

• Number of Soil Samples: 

• Frequency of Sampling: 

• Number of Samples: 

• Testing Parameters* 

• Remarks: 

*See Table 3-3 for acronym definition. 

Ground Water 
Soil 

4 wells approximately 20 feet deep, 
10 feet of casing/l0 feet of screen 

16 soil samples, 4 soil samples 
from each monitoring well boring 

Soil: once 
Water: quarterly for 1 year 

Soil: 16 
Water: 16 

Soil: PIGWP, chromium" 
Water: PIGWQ. Run EPA 624,625 if 
!OX is present** 
Water levels and hydrocarbon thick
ness 

Four wells, three down gradient and 
one upgradient of the 5 ite should be 
installed. Figure 3-1 provides a 
diagram of the suggested well loca
tions. 

**It should be realized that the 624 and 625 methods are for volatiles and sem~
" volatiles and therefore holding times and storage methods become critical to 
analytical results. 
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Acronym 

IPDWS 

PIGWQ 

Table 3-3 

Acronyms Used for Parameters to be Analyzed 

Name 

Interium Primary Drinking Water 
Standards 

Parameters Used as Indicators of 
Ground-water Quality 

3-6 

Compounds 

Enderin, Lindane, Methoxychlor, 
Toxaphine, 2,4 Dinitrotoluene, 
2,4,5 Triehloropheno%y, Radium, 
gross alpha and beta, Coliform, 
Arsenic, Barium, Cadmium, Chro
mium, Flourine, Lead, Mercury, 
Nitrate, Selenium, Silver 

pH, Specific Conductance, Total 
Organic Carbon, Total "Organic 
Halogen 
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3.2.2 Site 3 , Industrial Land Fill 

• Type of Samples: 

• Number of Ground Water 
Monitoring Wells: 

• Number of Soil Samples: 

• Frequency of Sampling: 

• Number of Samples: 

•• ·Testing Parameters: 

• Remarks: 

3-7 

Ground Water 
Soil 

9 wells approximately 20 feet deep, 
10 feet of casing/IO feet of screen 

36 soil samples; four soil samples 
from each monitoring well boring 

Soil: once 
Water: quarterly for 1 year 

Soil: 36 
Water: 36 

Soil: IPDWS, PIGWQ, phenols 
Water: Priority pollutants for 
first quarter; quarterly basis: 
The key constitutents from 1st 
quarter analysis and/or IPDWS, 
PIGWQ, phenols and water levels. 

The nine wells located on Fig
ure 3-2 are used to define and to 
confirm if contamination exists in 
different areas of the landfill. 
Figure 3-2 provides a diagram of 
the suggested well locations. 
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3.2.3 Site 5. Scrap Yard 

e Type of Samples! 

e. Number of Ground Water 
Monitoring Wells 

e Number of Soil Samples: 

• 'Frequency of Sampling: 

• Number of Samples: 

e Testing Parameters: 

• Remarks: 

.3-9 

Soil 

None 

'15 soil samples; 10 soil borings in 
scrap yard, 5 borings along track 
south of yard; all boring locations 
on a random sample grid. Two soil 
samples will be composited from 
each boring. These samples will be 
composited to represent depths of 
o to 1 and 3 to 4 feet below land 
surface. 

Soil: 
only 

once during the first year 

Soil: 8 

Soil: PCB, lead, copper, and zinc. 

Location of borings shown on Fig
ure 3-3. This confirmation recom
mendation will determine if the 
contaminants are wi thin the soil; 
are mobile enough to reach the 
ground water, and to determine if 
contaminants have, already reached 
ground water. Depending on results 
of the initial testing and verifi
cation, additional soil borings may 
be needed to further characterize 
the soils at the scrap yard. Also, 
soil sampling at greater depths and 
fiIter-pres8 water samples may be 
warranted if contaminants are veri
fied in the 3 to 4 foot sample 
intervals • 
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3.2.4 Site 6, Old Transformer 

• Type of Samples: 

• Number of Ground Water 
Monitoring Wells 

• Number of Soil Samples: 

• Frequency of sampling 

• Number of Samples: 

• Testing Parameters: 

• Remarks: 

Storage 

3-11 

Soil 

20 

Once 

20 

PCB 

20 surficial soil samples to a 
depth of 2 feet should be collected 
at the site. If PCBs in sufficient 
concentrations are found, a drill
ing program should be initiated to 
determine vertical distribution of 
PCBs in the unsaturated zone and to 
establish a ground water monitoring 
program. 
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3.2.5 Site 9, Bay Fill 

• Type of Samples: 

• Number of Ground Water 
Monitoring Wells: 

• Number of Soil Samples: 

• Frequency of Sampling: 

• Number of Samples: 

• Testing Parameters 

• Remarks: 

3-12 

Ground Water 
Soil 

4 wells approximately 20 feet deep, 
10 feet of casing/l0 feet of screen 

16 soil samples; 4 soil samples 
from each monitoring well boring 

Soil: once 
Water: quarterly for 1 year 

Soil: 16 
Water: 16 

Soil: PIGWP, lead, chromium, cop
per, zinc and tin 
Water: same as soil plus water 
levels 

Figure 3-4 provides a diagram of 
the suggested well locations. 
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3.2.6 Site 11. Battery and Electroplating Shop 

• Type of Samples: 

• Number of Ground Water wells: 

• Number of Soil Samples: 

• Frequency of Samples: 

• Number of Samples: 

• Testing Parameters: 

• Remarks: 

3-14 

Airborne particulates and floor 
scrapings 

None 

None 

Air: one-time, a-hour low-volume 
sample of breathing zone air. 
Floor scrapings: one time. 

Air: 4 air samples at different 
locations within building. 
Floor scrapings: 18 scrapings; 
12 in battery shop, 6 in plating 
shop. 

Battery Shop: lead and copper 
Plating Shop: lead, chromium, cop
per, nickel, and zinc 

The breathing zone air should be 
drawn through a filter designed to 
capture particles down to 
O.l.microns in size. 
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3.3 NONCONFIRMATION SITES WITH RECOMMENDED MITIGATION MEASURES. This section 
is intended to identify potentially contaminated sites for which confirmation 
studies are not necessary. Each of these sites, however, pose a potential 
threat to human health or tbe environment and thus recommendations are made for 
mitigating aetions. 

3.3.1 Site 4, Abandonded 55-Gallon Drums. Seven 55-gallon drums have been 
stored west of Building 815 sinc~ 1977. Five of these barrels are unmarked and 
contain varying levels of liquid. One drum is marked styrene and one is labeled 
as pine tar. Additionally, a spill area on the ground surrounding the drums was 
observed. 

Because of the unknown nature of the liquid stored in the barrels and because of 
the unknown identity of the fluid spilled on the ground, the lAS team recommends 
that the d~ be hauled away and disposed of according to applicable regula
tions. The barrels should be'opened and tests should be conducted to determine 
the exact nature of the material in the barrels. If a hazard is confirmed 
cont~iDated soil should be excavated and removed with the drums to a~ appropri
ate disposal site. If the dru~ are found to contain hazardous materials during 
mitigation action, then it is recommended that a confirmation study be consid
ered for the soils at this site. 

3.3.2 Site 7. Building 521 - Power Plant. The abandoned power plant located on 
the northeast side of "J" Street presently has waste asbestos and various 
chemical containers stored outside of the building. The asbestos is stripping 
off of equipment and falling onto the ground which poses a hazard to human 
health. This situation exists on the west side of the building. All asbestos 
waste materials should be removed, transported, and disposed of at an appro
priate site and according to all applicable regulations. On the east side of 
the building where the walls of a storage building have been removed, chemicals 
such as metal conditioning agent, xylene, and paint are being stored on a 
concrete slab. These should be removed and properly disposed before leakage 
takes place. 

3.3.3 Site 8, Pickling and Plate Yard. The steel pickling yard adjacent to 
Building 411 is currently abandoned; however, obvious coating of horizontal and 
vertical surfaces by green zinc chromate paint exists throughout the ~ediate 
area and may pose a hazard to public health. 

A composite sample of this material should be taken and analyzed for chromium 
according to procedures outlined in the Draft California Assessment Manual 
(California Department of Health Services, 1983). If this material is deter
mined to be a hazardous material, it should then be removed, transported and 
disposed of according to all applicable rules and regulations. 
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CRAFTER 4. BACKGROUND 

4. 1 GENERAL BACKGROUND. 

4.1.1 Location. Hunters Point is located on San Francisco Bay in the southeast 
corner of the City of San Francisco on the point of a high rocky 2-mile long pen
insula which projects southeastward into the Bay. The land area north and south 
consists of light industrial development. The center portion of the connecting 
land mass is an area of high density residential housing. 

The geographic location of the Hunters Point Naval Shipyard (Disestablished) 
[BPNS]. San Francisco and its natural characteristics are most favorable for 
shipyard operations. These characteristics include the protected harbor 
afforded by San Francisco Bay; the unrestricted approach channel with minimum 
water depths of 60 feet leading up to the piers, the berthing depths of which 
range from 25 to 45 feet; the large anchorage off the yard; and the supporting 
develbpment of the surrounding area. 

The channel leading to San Francisco Bay is restricted to approximately 1 mile 
in width at the narrow point and ia an effective protection against possible 
tidal wave effects. With the nonnal tide range being approximately 6 feet, 
flooding is not considered to be a problem. 

4.1.2 Adjacent Land Use. HPNS is situated in a section that is not typical of 
San Francisco in general. This region of San Francisco that lies south of Army 
Street and east of ~ames Lick Freeway and Bayshore Boulevard is loosely broken 
up into residential, industrial and commercial-recreational areas scattered 
around the three hills - Mt. St. Joseph, Hunters Point Ridge, and Bayview 
Hill - which dominate the district called "South Bayshore. It Industrial zones 
reach from the shore inland on the flat land between the hills. 

Tbe South Bayshore area covers 4020 acres, half of which are used for private 
industry. This is one-third of the land 80 used in San Francisco. In 1966, the 
160 acres of temporary and permanent public housing located in this area were 
almost half of the City's total public housing land. Candlestick Stadium, the 
home of the San Francisco National League Giants "baseball club, covers 78 acres, 
including parking, but local cOIIIIIlUnity parks and playgrounds cover only 
35 acres. 

Although the entire shoreline in South Bayshore, except for a portion of HPNS, 
is zoned for industry, much is underused, vacant, or in the process of being 
filled. The current approved land use in this area provides for heavy indus
trial activity along the Bay waterfront, extending inland an average of some 
2000 to 5000 feet. This beavy industrial area follows around the HPNS water
front area, thus bringing the heavy waterfront industrial area of the activity 
in consonance with adjacent land use. A marine terminal is directly north of 
HPNS. 

The land area in back of the heavy industrial zoning is set aside for light 
industrial use. This zone foI'1llS a band varying from 500 to 3000 feet in width on 
both the north and south sides of the approximately 2-mile-long Hunters Point 
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Ridge. The rema~n~ng high ground on this peninsula is not adaptable for indus
trial use but is suitable for a light to medium density residential use. Thus, 
the light industrial-zone coincides with the HPNS light industrial use encom-

j passing the supplYJ service and administrative area. The high ridge which proj
ects into the center of HPNS was used for quarters for military housing, thus 
coinciding with the residential development of the adjacent property. 

Tbe land occupied by BPNS can be divided into three functional areas: The basic 
industrial production area which includes the waterfront and the shop facil
ities of the Structural, Machinery, Electrical and Service Groups; the indus
trial support area which includes supply and public works facilities; the non
industrial area which once included the naval personnel support facilities such 
as barracks, BOQ, and recreation areas. 

Generally, the basic industrial production area occupies the north and east por
tions of the BPHS site J the industrial support area the central and southwest 
portions of the site, and the non-industrial areas the northwest and south por
tions of the site. 

Of the 964.91 acres at BPNS, housing and other non-industrial activities occupy 
54.58 acres. 

4.1.3 History. A peninsula in San Francisco Bay first known as '~a Punta de 
Concha" "(Sea Shell Point) and later "Point Avisadero" (Beacon Point) became the 
home of Robert and Phillip Hunter during the Gold Rush Days of 1849. Before 
long the area acquired the name 'taunters Point. II In 1869, the California Dry
dock Company eon&tructed the first commercial drydock on the West Coast here. 
The "Great White Fleet,1I on its round-the-world cruise of 1907-08, came to San 
Francisco Bay in need of repair. At that time the channel to the Navy facil
ities at Mare island was not deep enough to accommodate many of the major ships. 
Consequently, 23 of the vessels of ·the Fleet were serviced at Hunters Point. 
Recognizing the importance of this privately owned deep water drydocking facil
ity, in 1916 the Navy agreed to subsidize construction of a third drydock, this 
one to be 1004 feet long and built on the site of Drydock 1. Drydock 3 was 
completed and first used by the Navy in 1919. These drydocks continued to serve 
all large deep draft vessels in San Francisco Bay until growing international 
tensions influenced the Navy to buy the Hunters Point Drydocks on 29 Dec~mber 
1939. They were leased to Bethlehem Steel CompanY'until 18 December 1941 when 
the Navy took possession of ''Bunters Point Naval Drydock" and developed the 
facility as an annex to the Navy Yard at Hare Island. Drydock 4 was added in 
1943: in 1944 the submarine overhaul facilities with Drydocks 5, 6, and 7 were 
completed. 

The Shipyard grew from a small group of workers transferred fram Mare Island to 
almost 18,000 by ·the end of World War II. During this time, three Naval ships 
were built and 213 repaired. On 6 December 1945 it was redesignated as a sepa
rate Naval Shipyard. 

Hunters Point was named the San Francisco Naval Shipyard and became increasingly 
diversified as a major fleet logistic support facility. Beginning with the con
flict in Korea in 1950, the Shipyard again actively participated in the repair 
of ships. 
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When the Shipyard facilities at Hunters Point and those of Mare Island were 
placed under a single Command on 1 July 1966, Hunters Point became an industrial 
annex of.the San Francisco Bay Naval Shipyard, Vallejo, California. The work
load consisted primarily of repair and conversion of non-nuclear surface ships, 
including those with surface missile capability, and diesel submarine repair. 
In addition, some non-nuclear work on nuclear ships was done. 

The facilities at Hunters Point again became a separate entity with the dises
tablishment of the San Francisco Bay Naval Shipyard and the establishment of 
(1) Hunters Point Naval Shipyard, San Francisco, California, and (2) Mare 
Island Naval Shipyard, Vallejo, California, effective 1 February 1970. 

In a report by Naval Facilities Engineering Command, Western Division (WESTNAV
FACENGCOM), Navy-controlled real estate in the Twelfth Naval District dated 
1 July 1969 listed the count of 397 buildings with a total of 4,373,266 square 
feet of space for industrial purposes at Hunters Point. The 57 buildings for 
housinF.and other non-industrial activities have 107,870 square feet. 

A large portion of the Shipyard t S development occurred during the emergency 
period of World War II. Due to the restricted use of critical war materials, 
most of the structures were erected as temporary facilities to cope with the 
urgency of the situation at that time. Thus the design of a large number of shop 
buildings, storage warehouses, barracks, quarters, and many other supporting 
facilities is inadequate to sustain long range economical operations. Struc
tures built after the second World War, including the basic facilities of the 
Naval Radiological Defense Laboratory (a separate Command), were designed as 
permanent faciliti-es. Thus, HPNS is now a conglomeration of temporary and 
permanent facilities which were designed to meet different mission requirements 
at different times. 

Waterfront facilities are of permanent construction. There are 24,000 linear 
feet of pier, quay wall, and wharf space providing 21 fully equipped repair 
berths and 19 deep water berths not fully equipped for repair--or a total of 
forty SOO-foot berths. Hunters Point has six drydocks with varying sizes as 
follows: 

Depth Over 
D!:!dock No. Width Length Sill M.R.W. 

2 114 '4" 740'0" 29' 0" 
3 114 '4" 1004'7" 40'0" 
4 143 11" 1092'0" 47'Olt 
5 60'0 11 420tO" 27 t Olt 
6 75'0" 420'0" 27 t O" 
7 60'0" 420'0" 27'0" 

The Shipyard has a·regunning pier and a crane support structure. The crane 
bridges were removed in 1981 and the remaining support structure was overhauled. 
Quarters and rental housing are pre and post World War II construction. Same 
housing facilities were acquired with the acquisition of the land in the 40s. 
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The Hunters Point Naval Shipyard, San Francisco, was primarily an industrial 
operation for the modification, maintenance, and repair of ships. The mission 
of HPNS, San Francisco prior to its decommission in 1974 was to: 

• Provide logistic support for assigned ships and service craft; to per
form authorized work in connection with construction, conversion, over
haul, repair, alteration, drydocking and outfitting of ships and craft, 
as assigned; to perform research, development;· and test work, as 
assigned; and to provide services and material to other activities and 
units, as directed by competent authority. 

Tasks and functions assigned HPNS were: 

1. Perform authorized shipwork in connection with the new construction, 
conversion, pVerhaul, repair, alteration, activation and inactivation 
of all types of naval ships, including missile ships; and perform out
fitting of naval ships and service craft. 

2. Design of naval ships. 

3. Operate as planning yard for ship alterations. 

4. Perform researeh, development, test and evaluation work, as assigned. 

S. Perform research, development, test and engineering work on material 
handling for Replenishment-at-Sea projects as assigned by Naval Ships 
Syst.ems Command. 

6. Operate the West Coast Shock Facility to evaluate the design, con
struction and operation of combatant ships against attack by non-con
tact underwater weapons. As assigned, plan and conduct shock tests of 
shipboard equipment by using the Floating Shock Platform, provide 
technical support for conducting routine shock tests against opera
tional ships, conduct Research and Developa!nt studies in the shock 
and vibration area, and perform measurement and analysis of test data. 

7. Provide electronic and weapons engineering services, on request" to 
Navy and Coast Guard ships in the San Francisco Bay Area. 

8. Conduct civilian and military training progr~ as required • 

. 9. Provide accounting, civilian payroll, savings bond, military disburs
ing, public works, industrial relations, medical, dental, berthing. 
supply, messing, fire prevention and fire protection, security and 
other services to organizational components of the Department of the 
Navy and other U.S. Government agencies, a8 assigned or as requested 
by competent authority. 

10. Serve as stock point for designated material controlled by Bureaus and 
Offices of the Navy Department, Naval shore (field) activities and 
various Defense Supply Centers. 
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11. Serve as material assembly and planning activity for military altera
tions authorized for accomplishment by private shipyards on Military 
Sea Transportation Service (MSTS) Navy-manned ships undergoing over-
haul on the ~est Coast. • 

12. Provide outpatient medical Care to Navy and Marine Corps personnel and 
their dependents, attached to the Shipyard, tenant activities, afloat 
units in the Shipyard, and retired military beneficiaries resident in 
the area. 

13. Provide housing facilities, as available, for authorized military- and 
civilian personnel, including ships prelent. 

14. Provide controls for the procurement, handling, storage, use and dis
posal of sources of ionizing radiation as well as related facilities,)" 
which are aaaociated with industrial operationa. 

l5~' Provide industrial 8upport to the Westinghouse Polaris (nov Trident 
II) Teat Complex. 

In April 1973 the Secretary of Defense announced that the Hunters Point Naval 
Shipyard would be closed on 30 June 1974 al part of the Department of Defense 
ShOre Establishment Realigw:a.ent Program. Plans for leasing Hunters Point N.aval 
Shipyard were made during the spring and summer of 1974. In late 1975 all prop
erty at the Hunters Point Naval Shipyard was assigned to the Office of the 
Supervisor of Shipbuilding, Conversion, and Repair, San Francisco (SUPSHIP San 
Francisco). In May 1976 the Assistant Secretary of the Navy authorized leasing 
of Hunters Point to Triple A Machine Shop Incorporated, a commercial ship repair 
concern. In June 1981 Triple A IS lease of Hunters Point was renewed for a 
second 5-year te~. This lease term expires in 1986, with conditional renewals 
to June 1996. Triple A has leased over 80 percent of the Shipyard~ Figure 4-1 
shows the outleased and Navy-retained portions of the Shipyard. Triple A con
tinues to use Hunters Point for ship repair of both commercial and Naval ves
sels. 

Triple A is presently using six drydocks, adjacent berths, the machine shop and 
electrical buildings, the central power plant, a temporary power plant, and 
various office, warehouse and administrative service buildings. Triple A, in 
turn, subleases unused Shipyard facilities to 90 private warehousing, indus-
trial and commercial firms. . 

4.1.4 Legal Actions. The one significant legal action which involved hazar
dous wastes occurred in 1975. A lawsuit filed by the Bay Area Water Quality 
Control Board was brought against SuPSHIP San Francisco in August 1975. The 
suit sought to prohibit the direct discharge of sanitary and industrial wastes 
into the San Francisco Bay. The injunction was withdrawn in October 1975 
pending completion of a Navy pollution control project which when conducted 
would separate storm from sanitary sewers at the Shipyard. The project WaS 
completed in 1977. 
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4.2 BIOLOGICAL RESOURCES. 

4.2.1 Ecosystems. 

4.2.1.1 Terrestrial Biology. The general area about Hunters Point is histori
cally mapped as Coastal Prairie - Scrub mosaic (Kuchler, 1977). The prairie 
portion of the mosaic was historically composed of native bunchgrasses and the 
scrub component was prObably dominated by Baccharis (Heady et al., 1977). Mixed 
evergreen forest (Sawyer et a1. 1977) possibly occurred on the local hills 
about Hunters Point. Today Hunters Point is almost totally developed. Those 
open areas which are not as yet developed have been disturbed by construction or 
other operational activities and are for the most part disturbed weedy grass
lands. Wildlife is expected to be composed primarily of urban-adapted species 
which can occupy vacant disturbed lands. 

4.2.1.2 Marine Biology. San Francisco Bay has historically been an important 
area for many marine and anadromous species. It is the transitional zone 
betwel!n· the freshwaters of the Sacramento - San Joaquin Rivers and the Pacific 
Ocean. There have been numerous cODaDercial fisheries in the Bay since the 
1840s. These included salmon, herring, crab, shrimp, sturgeon, anchovy and 
sardine. Hunters Point was a major fishing area for the Chinese wo established 
numerous shrimp fishing camps along the northern shoreline. The early history 
of Hunters Point is documented in Skinner (1962). 

The marine environment off Hunters Point is generally considered to be deepwater 
fisheries habitat. There are DO shallow subtidal and intertidal mudflats imme
diately adjacent ~o BPNS shoreline. 

the area around Hunters Point was utilized by bay shrimp, primarily Crago sp., 
and to a lesser extent by oysters (Ostrea sp.). At the present timet the 
expansion of Hunters Point into deeper waters and the extensive filling of 
tidelands on the southwestern edge of the Point has reduced potential habitat in 
the nearshore area (USDr 1970, BCDC 1982). Striped bass and other marine fishes 
are found off the Point in the deeper water areas. Various species of flat 
fishes including the stormy flounder (Platichthys stellatus) live in the south
ern bay. 

In the recent past, the southern bay has deteriorated in quality due to sewage 
outfalls, inereased urbani2:ation, and landfills. However, there has been a 
dramatic improvement in water quality in the southern bay since the early 1970s 
after enhanced wastewater treatment and other water quality criteria vere 
developed under the Federal Water Pollution Control Act of 1972. 

4.2.2 Endangered, Threatened, and Rare Species. Terrestrial - A number of 
state and federally list·ed animal species are known from the San Francisco Bay 
region. These include the Salt Marsh Harvest Mouse (Reithrondontomys raviven
tris} , California Clapper Rail (Rallus longirostris obsoletus), California 
Brown Pelican (Pelecanus occidentalis californicus), the California Least Tern 
(Sterna albitrons browni). While all of these may have historically occurred 
within the immediate vicinity of Hunters Point, none with the exception of the 
California Brown Pelican, would be expected to utilize the study area or its 
immediate environ. The· California Brown Pelican would be a visitor to the Point 
but does.not nest in the general region. 
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No federally listed plant species are expected from the study area or immediate 
vicinity (USFWS, 1983b). A number of state-tisted plants and plants listed by 
the California Native Plant Society (CNPS, 1980; 1980. are knovn from the 
penninsula, but are not expected onsite due to habitat preference and site 
disturbance (California Department of Fish and Gamet 1982). 

At the present time there are no marine fish or invertebra"te species 1n the 
project area which are considered to be of special significance. 

4.3 PHYS lCAL FEATURES. 

4.3.1 Climatological and Meteorological Data. 

4.3.1.1 Bay Area. The San Francisco Bay Area enjoys a favorable climate. The 
annual normal temperature range is 28 D F to 92°F. The normal annual rainfall is 
21 inches, nearly all of which precipitates between October and April. The 
highest 24-hour rainfall intensity in the last 5 years was 1.4 inches in 1980. 
Snowfall is virtually unknown, thunderstorma are rare, and although wind veloc
ities of 80 to 90 knots have been experienced, they are unusual. 

In general, the Bay Region climate is a modified Mediterranean type. The 
winters are mild but rainy, and the summers are moderate but subject to drought. 
However, the area's .topography causes considerable variation in both rainfall 
and. temperature. Annual rainfall varies from 12 inches per year in eastern 
.Alameda County to more than 50 inches per year in the higher mountains of Santa 
Clara and Sonoma Counties. The seasonal distribution, however, tends to be 

.about the same throughout the area, as more than 8S percent of the rain falls 
b~tween November and April. Tempered by cooling sea breezes and the high fogs 
of summer, coastal aud Bay cities seldom experience temperature extremes. Also, 
the ground-hugging, winter tule fogs of the Central Valley seldom move across 
the Berkeley Hills. The ocean is warmer than the land during the winter months 
and this results in a moderating effect On coastal temperatures. Hence, daily 
temperatures can vary as much as 20 degrees between coastal and inland cities. 

The basic physical features of the San Francisco Bay Region have set the stage 
for the smog problem. Prevailing moisture, salt-laden westerly breezes, tem
perature inversions, and the flat basin of the Bay generate potentiar· 'smog 
conditions. The addition of man-made inputs of dust, soot, ashes, and gases in 
this large urbanized region creates the smog. The smog remains over the basin 
until strong breezes carry the pollutants away. 

4.3.1.2 San Francisco Area. San Francisco's unique location at the northern 
end of a narrow peninSUla which separates San Francisco Bay from the Pacific 
Ocean and forms the southern shore of the Colden Cate-the only sea level 
entrance through the Coastal Mountaius into the Great Valley--causes San Fran
cisco to be known as the air"conditioned city witb cool pleasant summers and 
mild winters. 

Sea fogs, and the low stratus cloudiness associated with them, constitute 
another striking characteristic of San Franeisco's climate. In the summertime, 
the temperat~re of the Pacific Ocean is unusually low near the coast and atmos
pheric pressure is relatively high, while the interior of Ca+ifornia is charac
terized by the opposite in both elements. This tends strongly to intensify the 
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laodward movement of air and to l!lak.e the prevailing westerly viods brisk and 
persistent, especially during the period fram Hay to August. The fog or low
lying stratus cloudiness off the coast is carried inland by strong westerly 
winds during the afternoon or night and evaporates during the subsequent fore
nooo. No~ithstanding the occurrence of these stratus clouds, the sun shines on 
an average of 66 percent of the daylight hours in downtown San Francisco. 

As a result of the steady sweep of air from tbe Pacific, there are few extremes 
of heat or cold. During the entire 88 years of temperature records in Sao 
Francisco, temperatures have risen to 90 degrees or higher on an average of but 
ooce a year and dropped below freezing less than once a year. As a rule, 
abnormally warm or cool periods last but a few days. 

Winds from the land are extremely rare in summer and usually result only in some 
diminution of the cool onshore winds. The diurnal land-and-sea breeze charac
teristic of many coastal regions does not prevail here. 

Prono~~ced wet and dry seasons are another characteristic of this climate. On 
the average, 84 percent of the total precipitation falls during the 5-mooth 
period, November to March, leaving but 16 percent for tbe remaining 7 months of 
the year. Measurable amounts of precipitation occur on fewer than 70 days a 
year. The Shipyard site is in a sector of San Francisco which is fog-free 
98 percent of the time. Prevailing westerly winds serve to purge and clean the 
air continuously. 

4.3.2 Topography. The San Francisco Bay Naval Shipyard, San Francisco, con
sists of approximately 982 acres of which 443 acres are submerged lands. 
Approximately 4'00 acres have been tlman-made," shaped for buildings, roads and 
shipyard operations. Hos t of the Itman-made ll land is on a leve 1 plane about 
12 to 15 feet above sea level. The remainder of the land is derived mainly from 
Serpentine and Basaltic rock and is on ao uplifted, mOderately steep to steep 
formation of Serpentine and Basalt rock with elevations to .240 feet above sea 
level (see Figure 4-2, Topographic Map) •. 

4.3.3 Geology. Bunters Point is located in the San Francisco Bay Area on the 
east side of the Sao Francisco Peninsula. The Bay Area is in the central Coast 
Ranges of California, which consist of a number of nearly parallel ranges 
averaging about 50 miles in width. theBe ranges end abruptly along the west 
coast of California, and terminate more gently along the edge of the alluvial 
plain of the Great Valley in the east. 

The San Francisco Bay occupies a valley which 'was inundated by slowly rising 
seas which received melt water from the vast continental glaciers of Quaternary 
time. The Bay is presently a shallow body of water. The deepest sections of the 
Bay are along old river channels. The basin of San Francisco Bay is an irregu
lar down warp complicated by faulting and modified by erosion. 

The region was occupied by a sea during Jurassic and Cretaceous time as indi
cated by wide spread deposits of marine sediments in the Coastal Ranges. These 
sediments are generally believed to have been derived from a land mass to the 
west which is now submerged beneath the sea. 
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The distribution of geologic material and stratigraphy of the Tertiary time, 
indicate deposits originating in embayments and arms of the sea which trans
gressed the Coast Ranges. The marine sediments interfinger with terrestrial 
sediments around the margins of the Tertiary seaways. 

Volcanic products and associated intrusives were formed during most epochs of 
the Tertiary period. The volcanic deposits are typically interbedded with lake 
and stream deposits and mud flows. Therefore these deposits are considered very 
heterogeneous. 

The Quaternary history of the Bay area has been primarily governed by sea level 
fluctuations as caused by glacial and interglacial stages and by differential 
uplift. Both of these processes are in'all probability active in the Bay Area 
at present. Sea level fluctuations greatly influence the erosional - deposi
tional regimen of streams and rivers. Such fluctuations are recorded in the 
stratigraphy underlying the San Francisco Bay. Deposition in the Bay has been 
occurring since the mid-Pleistocene; the sediments indicate alternate deposi
tion of terrestrial and marine sediments. Stages of low sea level are indicated 
by the presence of stream channels, subsequently backfilled during the succeed
ing gradual rise of aea level. 

4.3.3.1 Structural Geology and Seismicity. The regional structural trends in 
the central Coaat Ranges is northwest-southwest; however, there are local vari
ations. The major faults and folds, which trend northwest-southwest, control 
the orientation of ranges and valleys. Block faulting has been reported as the 
key structural evolution of the Coast Ranges in the Bay area. The Bay itself 
occupies a down-dropped or tilted block. 

The largest conspicuous structural features include the San Andreas and Hayward 
faults. The San Francisco Bay area, as well as the area around Hunters Point, 
is one of the more seismically active regions in the United States. Three major 
fault zones which pass through the Bay Area in a northwest direction have 
produced over 12 earthquakes per century strong enough to cause damage, and five 
major earthquakes since 1836, the latest in 1906. These faults are part'of the 
San Andreas Fault System, a major rift in the earth's crust that extends for at 
least 450 miles along the California coast, and includes the San Andreas, Hay
ward, and Calaveras Faults located 7 miles southwest, 10 miles northeast, and 
20 miles northeast of the site, respectively. Several other faults of lesser or 
unknown seismic activity which also trend in a northwest direction in the 
general vicinity of the site include the San Bruno, Hillside, and the City 
College Faults, located 5, 4, and 1.7 miles southwest of the site, respec
tively. Although no active faults are known to underly HPNS, there is some 
ancient shearing and faulting of the Franciscan bedrock. 

The actual structure of the Franciscan Formation is poorly known due to the lack 
of detailed exposures and to its structural complexities. The formation does 
not have distinctive marker beds or fossil assemblages, bedding is poorly devel
oped, and 'there is much lateral variation in texture, thickness and lithology. 
Repeated crustal movements have left their mark in the intensity to which the 
Franciscan is sheared or shattered. It is reported that almost every exposure 
has one or more sets of slickensided slip planes and gouge zones. 
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~cording to Schlocker (1974), there is a major shear zone extending from the 
southwest, at Hunters Point, towards the northwest, towards Fort Point in the 
Presidio Military Reservation. This zone has been named the Fort Point-Potrero 
Rill Bunters Point Shear Zone. 

4.3.3.2 Stratigraphy. Hunters Point area of the San Francisco Bay is underlain 
by rocks which range in age from Jurassic-Cretaceous to recent. The location of 
formations at Hunters Point is shown on Figure 4-3. _ A description of the 
formation is given below. The map also shows the locations of cross sections 
A-A', B-B', and C-C' which are shown in Figures 4-4,4-5, and 4-6. 

The Franciscan Group, Jurassic-Cretaceous age, is one of the most extensive 
assemblages of rocks in the Coast Ranges. It occupies approximately one-fifth 
of the total area of California, but does not outcrop east of the Coast Ranges. 
In the San Francisco Bay Area, the Franciscan group is not present west of the 
San Andreas fault and its closely associated branch faults. At Hunters Point, 
the Franciscan is bedrock and forms most of the original point. It underlies 
the basin sediments and consists of sandstone and shale, chert, greenstone 
(altered volcanic rock) and serpentine. The rock typically has widely varying 
physical properties and often exhibits a chaotic structure due to its complex 
mode of formation. 

The sandstone (graywacke) portions of the Franciscan is interbedded vith silt
stone and shale. The sandstone is fine to coarse grained, largely medium 
grained; greenish gray and hard where fresh, buff colored and firm to soft where 
weathered. It is generally fractured at close spacings, in places. at moderate 
spacing. The sh~le and siltstone interbeds are estimated to constitute less 
than one-fifth of the total volume of this unit. They are dark gray to greenish 
gray where fresh, and commonly remain grey where adjacent sandstone is weathered. 
buff. More detailed descriptions are given by Scblocker (1974). 

Chert zones also are found at Hunters Point. The chert, distinctly interbedded 
vith shale, ia hard and brittle and g~nerally occurs in thin to medium beds 
alternating with thin beds of shale. Fresh chert is predominantly red brown or 
grey green; when veathered and faulted, the chert is found to be altered to a 
soft tan to buff color. 

Serpentine forms major portions of the hills or high lands in the shipyard. The 
source of serpentine has been reported to be injected or intruded into the 
Franciscan sedimentary rocks as a molten igneous rock, similar to the lavas 
vhich are emitted from volcanoes. According to Brabb et al. (1972) when the 
serpentine melt cooled and consolidated into rock, it vas composed of periodo
tite, which is an aggregate of small crystals composed of silicates of magnesia 
and iron. The chief consituent mineral is peridot, a form of olivine. At the 
time of the consolidation of the melt, the composition of constituent silicates 
did not contain water. As it vas intruded into the upper portion of the crust 
and cooled in the sedimentary host material, vater vas added to the dry sili
cates of magnesium and iron to convert these minerals to a hydrous-green sili
cate mineral. This change in the chemical and physical character of the rock 
involved an increase in volume, so it swelled and sheared upon itself, causing 
openings in which new minerals vere deposited. This reduced the tensile 
strength of the mass. The swelling also greatly accentuated the deformation of 
the shale and sandstone at the contacts. 
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The alteration process discussed above results in radical and unpredictable 
variations iu the quality of the serpentine; it ranges frOID hard rock to a 
medium soft material resembling soapstone within a few feet either horizontally 
or vertically. This has been noted in the literature when building structures 
upon the serpentine. Excavating the serpentine disturbs the delieate equilib
rium that was slowly reached by natural processes. The newly exposed serpentine 
begins a new stabilization regime which is greatly accelerated by cracks that 
develop and provide new channels for air and water to penetrate the mass. This 
has been demonstrated near the wall area of Building 813. During a study (Dames 
and Moore, 1963) carried out in 1963, the serpentine was described as a soft 
clay. This was in cOIDplete contrast to the description of the rock in 1947. At 
that time, the serpentine was hard and sound. Therefore, the rate of weathering 
of the serpentine is very rapid and drastic changes in physical properties can 
occur. 

Near the shipyard there are unconsolidated deposits of sand, gravel and, clays 
overlying the Franciscan Group as shown on the cross sections in Figures 4-4, 
4-5, and 4-6. The location of these cross sections are shown in Figure 4-3. 
These materials may be late Tertiary or early Quaternary; the precise age is 
uncertain. The sand and gravel formations overlying the Franciscan at Hunters 
Point is most likely part of the Bay Kud. There is a possibility that the 
coarser material may be part of formations that are older than the Bay Mud. Not 
enough data is available to make these determinations. 

This Quaternary San Francisco Bay Mud is predominantly silty clay with local 
interspersed lenses and layers of sand, gravel, peat, and shell fragments. The 
mud is blue gray·, dark gray or black in color, and contains abundant organic 
matter. It is soft and plastic throughout, except within several feet of the 
ground surface where it may be dry, becoming firm and light greenish gray, and 
developing large cracks. It commonly contains 50-60 percent water and abundant 
swelling clay. In some places it contains distinct to. indistinct medium to 
thick beds separated by discontinuous laminations and thin to medium beds of 
sand, gravel, peat, or shell fragments. The mud commonly grades downward into 
generally poorly sorted sandy clay, but in other areas there is an abrupt change 
downward to silt, sand, gravel, or peat. The mud varies in thickness from 
1 foot near the landward edge to 60 to 120 feet beneath the Bay. 

Underneath the shipyard, the Bay Mud is a soft, silty clay of high plasticity 
and contains shells. According to Lowney (972), the 1IIUd in sOIIle areas exhibits 
the effect of 30 years of consolidation, which has resulted in greater strength 
and density than for unconsolidated mud. The Bay Mud layer is underlain by sand 
and stiff clays. The thickness and geometry of these formations along with 
their relationship to bedrock is shown in the cross section on Figures 4-4, 4-5, 
and 4-6. 

Overlying the Bay Mud at HPNS is artificial fill. This material is loose to 
firm gravel, sand, silt, clay, rock fragments, vegetable matter and man-made 
debris in various combinations. In some areas, borings also have shown oily 
wastes (Figure 4-6). Available information indicates that a major portion of 
the shipyard was reclaimed from San Francisco Bay in 1941 and 1942 by filling on 
the soft Bay Mud with soil and rock materials obtained predominantly from a 
hillside excavation in the northern portion of the Shipyard. Filling apparently 
created large displacements of the soft Bay Mud resulting in large variations in 
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both the thickness of Bay Mud and overlying fill layer. Subsequent to placing 
~e fills, the underlying Bay Mud has consolidated to varying degrees under the 
weight of the fill. As a result of this consolidation, the reclaimed portion of 
the Shipyard 'has been gradually settling (Lowney, 1972). Settlement reeords 
maintained by the Public Works Department at 'the Shipyard indicate settlement of 
up to 2.2 feet occurred during the period of 1946 through 1958. It has been 
extrapolated by engineers that continued settlement may be as much as 5 feet. 

4.3.3.3 Geologic Hazards. The major geologic hazards at Bunters Point are 
earthquakes and landslides. Potential earthquake zones are discussed in the 
section on seismicity. Landslides have occurred around the areas having steep 
slopes. Landslides have been a continuing problem behind Buildings 813 and 815. 
These failures occur for many reasons and are discussed by Bonilla (1960), Dames 
and Moore (1963), Hawke (1967), and Hyde Forbes (1952). 

4.3.4 Soils. The distribution of soils at Hunters Point is shown on Fig
ure 4-7:--The soils series, as classified by the U.S. Soil Conservation Service 
(SCS) J include Bicknell sandy loam, "made soils, II Montara gravelly clay loam, 
and Montara gravelly loam. The following soil descriptions are from the SCS 
(960): 

DESCRIPTION OF SOILS 

BICKNEI.I. SERlES 

Bicknell serJes consists of deep to very deep, slightly acid, well 
drained, moderately coarse-textured soils. They developed in allu
vium fr01D mainly sedimentary sources. This soil is underlain by 
serpentine redisuU1Il. They occur on shaped, modified, strongly 
sloping bench remnants. The surface soils are typically dark grayish 
brown sandy lO8ms, massive, slightly bard, slightly acid, and 20 to 
30 inches thick. The subsoils are yellowish brown sandy loams, pris
matic, hard to very hard, slightly acid and more than 36 inches thick. 
Unrelated substrata at depths mostly below 48 inches are stratified, 
gravelly clay loams to gravelly clay serpentine materials. 

These soils are used for urban housing, lawns, and ornamental plants. 
This soil covers about 10 acres above building #813 to the northeast 
entrance gate of Hunters Point. 

MADE sons (Ma) 

Made SoiIs consist o·f deep cuts and smooth-shaped fills over metamor
phic and basic igneous bedrock. Most of the fill material consists of 
basalt and serpentine cracked bedrock an~ gravelly loams to gravelly 
clay loams of Montara soil variant. These areas occupy deeply-cut, 
smoothed uplands. Areas left for landscaping have been shaped mostly 
level but range to sloping with mostly Montara variant gravelly clay 
loam and some gravelly loam underlain by bedrock at depth from 12 to 
36 inches. Small bedrock escarpments from cuts are included with 
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this unit and shown by rock escarpment symbols. These soils occur on 
nearly level to steep slopes. 

These soils are used mainly for hard-surfaced roads and storage or 
equipment areas, and buildings. Small areas are landscaped with 
ornamental plants and grasses. 

MADE SOn.S, FINE (Mb) 

Made soils, fine, consist of a mixed area of deep cuts and a shaped 
fill of mixed gravelly clay loam of the residuum and hauled-in clay 
from an undetermined sedimentary residuum or alluvium source. Effec
tive depth ranges from 10 to 36 inches but small areas may be deeper 
or shallower. Underlying bedrock is a cracked structure in the fault 
zone and is subject to slipping and movement. Much of the cracked 
bedrock is clay coated and deep borings indicate there may be inter
rupted lateral clay layers separating bedrock layers. They occur on 
moderately steep uplands. 

HADE SOILS, OVER BAY MUDS (Hc) 

Made Soils, over bay muds consist of very deep fill material over the 
formerly underwater soils of San Francisco Bay. Materials for fill 
came frOlD bedrock of the nearby serpentine and basalt formation, 
gravelly loam, gravelly clay loam, clays, and sandy loam soil mate
rial. This nearly-level area is used for storage, roads, buildings, 
equipment, and playground areas. Open soil areas are variably 
affected by broken bedrock fragments and no attempt has so far been 
made to use ornamental plants. 

Some subsidence and wave bank erosion is to be expected in this area. 
These are mostly nearly-level lands except at bank edges. 

MONTARA SERIES (Variant) 

Hontara Series, variant, consists mostly of shallow, neutral to mod
erately alkaline, non-calcareous, somewhat excessively drained, 
medium and 1I1Oderately fine textured, gravelly soils. They were 
formed mainly on serpentine and basaltic bedrock. They occur on 
moderately steep and steep uplands; many have been graded and shaped. 
The surface soils are typically dark gray, gravelly loams, granular, 
hard, neutral and 4 to 12 inches thick. The subsoils are dark grayish 
brown gravelly clay loams, fine blocky or granular, hard, moderately 
alkaline, 7 to 14 inches thick. Underlying bedrock is variably 
decomposed metamorphosed and bas ic igneous bedrock at depth frOD1 
12 to 20 inches. 

Colors of the gravelly loam and gravelly clay loam surface soils are 
dark gray, very dark gray. The gravelly clay ~oam subsoils range in 
color from gray, dark grayish brown to very dark grayish brown. 
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Included are small areas of exposed bedrock and soils over 20 inches 
deep due to shaping. Small areas are somewhat stony in the p~ofile. 
~ast erosion has removed an estimated 2 to 4 inches of top soil on 
about 60 percent of the area. They occur on smooth, moderately steep 
upland. 

According to the SCS, the Bicknell soils have moderate infiltration rates when 
thoroughly wetted. They are moderately well to well drained and have a moderate 
rate of water transmission. All other soils at Hunters Point, according to the 
SCS, have slow infiltration rates when thoroughly wetted. They consist chiefly 
of clay soils with a high swelling potential, with a high pennanent water table, 
with claypan or clay layers at or near the surface, and maybe impervious materi
als. These soils have a very slow rate of water transmission. The SCS cate
goriz.es tlf permeability of these soils as less than 0.63 inches per hour 
(4.4 x 10 em/sec). It is assumed that permeability values are obtained 
through percolation tests and therefore represent unsaturated vertical perme
ability'. ' 

4.3.5 Water Resources. The potable water supply for Hunters Point is derived 
from the City of San Francisco, Department of Water Quality. Ground and surface 
water in the vicinity of Hunters Point are not used for domestic drinking water 
purposes. According to the San Francisco Department of Water Quality (personal 
communication, 1984), there are 73 wells within a 3-mile radius of HPNS. As of 
1977 only four of these wells were operational. In addition, there is a spring 
located on Evans Avenue which is located within 1 mile o'f HPNS. This spring is 
being used for bo~~ling water by Hountain Springs Water Company. There are no 
operational wells located within a l-mile radius of BPNS. However, there is one 
operational well within 2 miles. This well is located at 250 Williams Street. 
Within the 3-mile radius there are three more operational wells, located at 
1726 Alabama Street, 129 Raymond Street and 2601 Neahall Street. 

The spring mentioned above eminates from fractures in the Franciscan Group at 
elevations greater than 200 feet (Navy datum). This indicates that any poten
tial contamination occurring at HPNS could not affect the spring. The recharge 
area for the spring is at higher elevations and probably to the northwest of the 
bottling plant. Most of the industrial activities at HPNS occur at elevations 
of 100 to 120 feet (Navy datum) and south of the bottling plant. 

4.3.6 Hydrogeology. The areas at the lower elevations at the shipyard are 
within a regional ground water discharge area and therefore ground water within 
BPNS will eventually discharge to San Francisco Bay. This flow includes ground 
water from both the fractured bedrock aquife~s, the unconsolidated formations, 
and the fill. An example of this type of flow system is shown in Figure 4-8. 

As a regional reeharge area, the highlands, which may be miles from the Bay, 
receives recharge Where the flow is predominantly downward. The flow eventually 
becomes horizontal and finally is predominantly upward as it discharges into the 
regional discharge area. Between the regional recharge and disch'arge areas, 
many local flow systems may exist. 

The local flow systems are superposed upon the larger, regional system. Row
ever, on a local scale, many recharge areas may exist to shallow flow systems. 
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The important concept to note is that this local recharge cannot migrate great 
distances through the ground water system. Figure 4-8 illustrates that ground 
water from both the local and regional systems will be discharged to the Bay. 
The local flow systems are controlled by seasonal changes in infiltration J 
evapotranspirationJ and the tidal stage of water in the Bay. 

4.4 CONTAMINANT MIGRATION POTENTIAL. The effect of the regional and local flow 
systems described above on contaminant migration can also be conceptualized. 
Mobile contaminants from industrial activities at the shipyard that could enter 
the flow system would occur at low elevations on either the Shipyard fill or 
bedrock areas. Therefore these contaminants would eventually discharge to the 
Bay. 

From existing boring data, an approximate water-table map was constructed as 
shown in Figure 4-9. Although these water-levels are from a drillers log and 
not from measured levels in a well, interpretation of the information enables 
the flow directions to be estimated. From the map, it is apparent that ground 
water· flow does occur through the sediments and bedrock. The flow directions 
are shove. as arrows on Figure 4-9. Therefore, if the ground water became 
contaminated, these contaminants can migrate towards the Bay. As the hydraulic 
conductivity is probably greater in the fill than the bedrock the velocity of 
migration vill be greater in the fill. In the area underlain by rock (see 
geologic map), the potential is lower due to the lover hydraulic conductivity. 
In the Franciscan bedrock, the contaminants would enter and flow in the more 
fractured sections of the rock. 

Darcy's Law was used to estimate the velocity of ground water flow and contami
nant migration. "!hose computations use the hydraulic gradient which can be 
estimated from Figure 4-9 and the hydraulic conductivity (pearmeability) and 
porosity of the geologic material of concern. The hydraulic conductivity and 
porosity were estimated (Freeze and Cherry, 1979) by comparing the fill material 
at RPNS with other similar material where published estimates have been made. 
In addition, the affect of the process of absorption and chemical reactions in 
the subsurface have been ignored for these computations. The effect of density 
or specific gravity also can impact migration potential. For example, fuel oil 
will "float" on top of the water due to its lighter specific gravity and carbon 
tetrachloride will sink due to its higher specific gravity. These effects only 
can be determined with field measurements. 

From the map in Figure 4-9 (assuming, for the purpose of estimating velocities, 
that flow is horizontal) the hydraulic gradient has been c~uted to be approx
imately 0.008 ft/ft. The fill material can have an extreme range in hydraulic 
conductivity. It is assumed that a large portion of the material is fine 
grained. Therefore for this analysis, the hydraulic conductivity has been 
estimated to be 10 gallon~ per day per square foot (Freeze and Cherry, 1979) or 
1.3 feet per day (6 x 10 ~cm/sec). The effective permeability, porosity has 
been estimated to be 25 percent. Therefore, using Darcy's law, the potential 
velocity of contaminant migration is about 0.04 feet per day or 15 feet per 
year. 

There are no potable water wells that would be affected by contaminant migration 
from HPNS. Ground water at BPNS is shallow, from just below land surface to 
10 feet deep. Ground water underlying HPNS flows toward the Bay. All surface 
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water runoff, that is not collected by the storm water sewer system, drains 
naturally towards the Bay. 

The potential contaminant receptors at HPNS are the marine life in San Francisco 
Bay and humans that would come into direct contact with contaminated land 
surfaces. As described in Section 4.2, Biological Resources of this report, 
there are no endangered marine fish or invertebrate species in the Bay surround
ing HPNS. However, the Bay marine habitat in the nearshore area of HPNS is used 
for recreational and (limited) commercial fishing. 
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CHAPTER 5. WASTE GENERATION 

This chapter describes the industrial, ordnance and radiological operations 
that over the past years have generated hazardous wastes at Hunters Point Naval 
Shipyard (BPNS). The purpose of this description is to provide historical 
perspective with regard to shipyard and in-shop use of hazardous waste com
pounds. It also attempts to define waste volumes generated and past means of 
disposal. Other aspects of waste storage, transportation, processing and dis
posal locations are discussed in subsequent chapters. 

5.1 INDUSTRIAL OPERATIONS. 

5.1.1 Introduction. In the normal course of work by the various industrial 
shops at HPNS, industrial and hazardous wastes were generated and disposed of 
onsite. These wastes includes electroplating shop wastes, acids, alkalies, 
paint sludges, pickling wastes, oily wastes, and various other liquid and solid 
waste~ associated with shipbuilding. In almost all cases these naval industrial 
operations began in 1944 and ceased in 1974 when the shipyard was disestab
lished. Some of these shipbuilding operations were leased by triple A Machine 
Shop, Incorporated in 1976 and are currently in operation at the shipyard. 
Discussed below are some of the major generators of hazardous wastes listed by 
functional group. Table 5-1 lists all sources of hazardous wastes generated at 
the shipyard over the last 35 years. Figure 5-1 shows the location of all 
buildings at BPNS. 

5.1.2. Structural Group (Shops 11. 26, 41, 17). The structural group was com
posed of four shops: Shipfitters (Shop 11), Welding (Shop 26), Sheetmetal 
(Shop 17), and Boilermaker (Shop 41). Of these the shipfitting shop generated 
the highest volumes of hazardous wasteS. Shipfitting operations took place in 
Building 411. Naval shipfitting activities began in 1946 and ceased in 1975 
when the property was leased to triple A Machine Shop. Shipfitting operations 
included the rip out and removal of structural and underwater ship items and the 
fabrication and repair of ship's components. In an open yard area adjacent to 
Building 411, pickling of structural steel took place. Waste products from this 
operation were generated by the drainage of chemical and rinse water tanks. 
(See Table 5-1, Building 411 for a listing of waste volumes generated.) Up until 
1975 all liquid wastes were discharged to the combined storm and sanitary sewer 
which in turn were pumped to the San Francisco treatment plant or occasionally 
were discharged directly into the Bay. Solid wastes composed of used ship 
components and empty chemical containers were disposed of at the industrial 
landfill site. Quantities of solid wastes generated by this group could not be 
determined. 

5.1.3 Mechanical (Shops 06, 41. 31, 38. and 56). Mechanical operations took 
place mainly in Buildings 258, 134, 253 and 231. This group included: 

• Central tool (Shop 06) 
• ' Forge and Heat Treating (Shop 41) 
• Inside Machining (Shop 31) 
• Marine Machinery (Shop 38) 
• Pipefitting (Shop 56) 
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A listing of the chemical and solid wastes generated at these shops and build
ings is provided in Table 5-1. Shop 31 in Building 134 provided services of 
repairing and manufacturing parts for heavy tools, valves, and pumps. Indus
trial wastes were generated from metal cleaning and test boiler cleaning. Caus
tic.solutions and rinse water were discharged to the storm sewers on the average 
of 1 gallon per minute (gpm). Shop 56, Pipefitting, in Building 258 generated 
chemical and acid solutions at a rate of 6000 gallons per week. Chemicals 
included muriatic acids, sodium. hydroxide, sulfuric acids, chromic acid and 
penesolve and penestrip cleaners/solvents. In all cases the wastes were dis
charged to the combined sewer system. Solid wastes at all meehanical shops 
included chemical and solvent containers, waste oils, metals, wood, plastics 
and rags. Solid wastes were hauled to the industrial landfill site at a rate of 
1 ton per mouth. 

5.1.4 Electrical (Shops 51 t and 67). Electrical operations took place in 
Buildings 123, 124, 211, 253 and 351. This group of primarily electrical opera
tious included: 

• Weapons, mechanical, and electronics overhaul 
• Electrical Instruments Repair 
• Battery Overhaul and Storage 
• Radar and Communication Repair 

Of these shops, the Battery Overhaul (Shop 51) in Building 123 generated the 
most significant amounts of hazardous waste. It has been estimated that 100 gpm. 
of used electrolyte was di~charged over the 30 year life of this shop. Used 
electrolyte is composed of sulfuric acid, water.and soda ash. All liquid waste 
streams from Building 123 were discharged directly into the Bay. Table 5-1 
lists the wastes, volumes and ~thods of disposal for all electrical shOps. 

5.1.5 Service Shop Group. The Service Shop group consists of a wide variety of 
auxiliary services to the ships and the other production shops. These include 
Shipwright services, small boat repair and maintenance, plastic parts manufac
ture (Shop 64), waterfront and shop painting and abrasive blasting (Shop 71)t 
rigging, equipment cleaning, and pumping (Shop 72), pipefitting (Shop 56), and 
ship support services (Shop 99). Work operations of these shops are scattered 
throughout tbe waterfront area and shipyard. 

Painting and abrasive blasting services are provided to the ships and production 
shops by Shop 71. The abrasive blasters prepare metal surfaces for painting by 
removing old paint, rust, barnacles and by smoothing uneven surfaces. These 
finished surfaces are then coated by the painters who provide three types of 
service: dry dock painting, top and deck painting, and booth-shop painting. 
Dry dock painters specialize in shiphull painting; top and deck painters paint 
the exterior of the ship other than the hull; booth-shop painters provide paint
ing services for ship and shop components that are more conveniently don~ in 
spray booths. 

The abrasive blasters were divided at HPNS into ·two work centers for both shop' 
and waterfront metal surface blasting. Large scale abrasive blasting oper
ations performed On the ships was ,done at Drydock 2, 3 and 4. A maximum of ten 
(10) blasters were used at each drydock. 
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The compos l.tl.on of abrasive materials is mostly aggregrate sand (80 percent) 
with some copper slag, steel grit, and glass beads. Spent (used) abrasive was 
hauled to the Bay fill area on the south shore of the shipyard or to the indus
trial landfill site on the west end of the shipyard. Spent abrasive contains 
rust, paint scrapings and barnacles, which increases its volume by 18 percent. 
HPNS used 12,200 tons of abrasive sand per year resulting on 14,400 tons of 
waste sand and scrapings. During the 33 years of sandblastin~ operations of 
RPNS (1942-1974) it bas been calculated that 475,000 tons of abrasive waste was 
generated containing 85,500.tons 'of non-sand scraping material. It is esti
mated that 52,300 tons of this waste consisted of paint scrapings. 

5.2 ORDNANCE OPERATIONS. In the Twelfth Naval District, the loading and dis
charg~ng of cargo ammunition and high explosive items of ships allowances is 
performed only at designated Naval ordnance facilities. Ships scheduled to 
undergo repair or overhaul at HPNS were all relieved of their ammunition and 
explosives, except for permissible small arms ammunition before entry into 
waters near the shipyard. Two facilities at HPNS were designed as explosive 
storag~ 'structures: a Small Arms Magazine located near Building 813 and an 
Explosive Storage Magazine located near the shoreline on the southeast side of 
HPNS. However, the Small Arms Maga:ine was not used for its as-built function. 
The Explosive Storage Magazine was used to store small arms and same explosives. 
There was no indication that storage or handling of explosives took place 
anywhere else on the shipyard. Additionally, only small quantities of ordnance 
were handled. Consequently, no ha~ardous wastes were generated at RPNS because 
of ordnance operations. 

5.3 RADIOLOGI~ OPERATIONS. From 1950 to 1969, BPNS supported a series of 
radiological defense laboratory research projects which were designed to 
protect personnel and properties against nuclear weapons. Broadly defined, 
these projects encompassed chemistry (studied decay, properties of fallout) t 
biology (studied fallout effects on animals), and physics (studied instrumen
tation, shielding). A list of buildings where these types of projects were 
conducted is provided in Table 5-2. 

During the 1950s all radiological projects at BPNS were under the review of a 
Navy health physicist. All buildings where radiological research was under
taken were periodically surveyed for contamination and any contamination found 
was cleaned and all wastes were placed into 55-gallon drums. These drums were 
temporarily stored in a fenced, controlled, and monitored area at HPNS. These 
barrels were periodically transported on a barge, taken out to sea (to the 
Farallon Islands) and released into the ocean. All barrels were encased with 
concrete and sunk to a depth of 1000 fathoms. In the early 1950s waste radio
active material was also received onsite at HPNS from the University of Califor
nia at Berkeley and Lawrence Livermore Laboratories. It was trucked to 
Berth 15., temporarily stored in 55-gallon barrels and disposed of by barge to 
the Farallon Islands as were the waste barrels generated at HPNS. In total, an 
estimated 150 barrels of radioactive wastes were handled, temporarily stored, 
and transported off the shipyard property each year from 1950 through 1959. 

In 1955, the Radiological Defense Laboratory in Buildings 815 and 816 were 
completed. All liquid waste products generated in Buildings 815 and 816 were 
held in a tank and monitored to determine if the effluent met standards for 
radioactivity prior to release into the seve'rage system. If standards were not 
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Building 

364 

506 

507 

508 

509 

510 

815 

Table 5-2 

Areas Where Radioactive Wastes 
Were Generated at HPNS 

Radiological Research Operations 

Chemistry 

Radiochemistry 

Biological Lab 

Healt~Physics Office 

Biological 

Physics 

Chemistry, Biology, Physics 

Years in 
Operations 

1951-1969 

1951-1955 

1951-1955 

1951-1955 

1951-1955 

1951-1955 

1955-1969 

*Radioactive waste types generated by the above buildings could not be identified 
by the lAS. 

met, the liquid was hauled off shipyard property by a licensed coutractor. From 
1960 to 1969 all liquid and solid radioactive wastes were picked up by a 
licensed contractor. These were then hauled off shipyard property to an 
approved Atomic Energy Commission landfill. Some of these wastes were stored in 
Building 364, others were stored at Area 707. 

In 1969 all radioactivity studies ceased at BPNS. All radioactive sources and 
wastes were removed including the pavement in Area 707. In 1969 and again in 
1979 and 1980 a thorough decontamination of Buildings 364, 815, and 816 was 
made. (Radioactive decontamination was conducted twice (1969 and 1979) because 
AEC/NRC standards changed between those years, requiring a second examination.) 
All waste material was hauled off shipyard property, with the exception of the 
concrete sump behind Building 364 which was filled with concrete. In 1975, a 
monitoring study of all radiological areas of HPNS was conducted by a health 
physicist under the direction of the Atomic Energy Commission. No radiological 
contamination was found at BPNS and the AEC concluded that the past radiological 
areas can be reused for any public or private operations without restrictions. 

From 1945 to 1970 ships undergoing overhaul generated radioactive wastes in the 
fo~ of luminescent radium dials. As these dials were removed from the ships, 
the DIOst common means of disposal was to the industrial landfill. These ships 
were either in berths or drydocks. An estimated 6000 pounds of dials and knobs 
were disposed of over a 25-year period at the HPNS landfill site. 
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CHAPTER 6. MATERIALS HANDLING,· STORAGE AND TRANSPORTATION 

This chapter describes past hazardous waste handling, storage and transporta
tion operations and facilities at Runters Point Naval Shipyard (HPNS). 

6.1 INDUSTRIAL WASTES. 

6.1.1 Industrial Operations. Solid waste materials generated by the indus
trial shops at HPNS can be broadly segregated into the following categories as 
they relate to tbe source and method of handling: 

• Ships garbage and waste 
• Shop wastes 
• Salvageable scrap 
• Household/domestic refuse 

Between 1945 and 1948 domestic garbage from Navy housing was collected and 
transp~~ted to a small disposal area (Site 2) on the southeastern corner of the 
shipyard. Collection was at that time a HPNS public works responsibility. 

During the years 1942 to 1959 most HPNS wastes were, however, collected by a 
private contractor who transported the material to an offsite disposal area. A 
landfill in Brisbane, California was commonly used by the contractor. In 1959 
the shipyard began to dispose of solid waste in a bay landfill site (Site 3) on 
the west end of the shipyard. The filling of bay lands with solid waste 
continued until 1974. Solid wastes continued to be hauled off to the shipyard 
landfill Site by "a" private contractor.~ An estimated. 100 Dempster Dumpmut ... e ... r~ ___ -
steel containers were collected and emptied twice weekly at the shipyard. In 
addition, an estimated 200 55-gallon trash containers were emptied and hauled 
off to the landfill every week. Truck trips for the transportation of wastes to 
the landfill averaged 40 trips per day. A discussion of the types of industrial 
wastes generated by each shop is found in Chapter 5. It has been estimated that 
about 130,000 cubic yards or 10,000 tons of solid waste material was collected 
and disposed of (either on or off the shipyard) each year at HPNS. 

Liquid wastes from shops were disposed of in the combined sanitary and storm 
sewer system. A discussion of these wastes sources can be found in Chapters 5 
and 7. Oily wastes generated by ships and shops were transported either by 
pipeline or by 55-gallon drums in trucks to an oil reclamation pond system 
located on the south shore of HPNS. 

6.1.2 Senp Yard Operations. The shipyard scrap yard (Site 5) has been in 
operation since the 1940s and is currently operating in the same lo~ation (see 
Figure 2-1). Scrap delivered to this location was generally waste material 
having comme.rcial value as metal but no longer useable for the originally 
intended purpose. Materials stored there included used battery lead and copper, 
scrap steel, ship parts and electrical capacitors. Since 1974, there has been 
no more use of the scrap yard to handle lead and copper from sub batteries or 
electronics from ships. Lead, copper, and PCBs (from broken capacitors) have 
been identified as potential contaminants at this site. Scrap was delivered by 
shipyard public works trucks and transported offsite usually by rail or truck. 
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6.1.3 Transformer Storage Yard. From 1946 to 1974 used electrical tranformers 
of various sizes were stored in an open yard 400 feet north of Building 704 (see 
Figure 2-1). The transformers were taken off of ships or from places in the 
yard by the electrical shop, trucked to the storage yard where they were stored 
for indefinite periods of time. The yard was maintained by public works. 
Transformers were periodically hauled offsite by a private contractor where 
they were sold as scrap or recycled. Transformers were stored at this site over 
a 2a-year period. 

6.1.4 Surplus Materials (Salvage Yard) Operations. Salvage or surplus materi
als are those materials that can be reused for their originally intended pur
pose. If material could not be used for this purpose it was disposed of as scrap 
material (see Section 6.1.2). Therefore, any discharge of hazardous wastes or 
liquids at this site was accidental and due to spills or leaks. 

The location of the salvage yard at BPNS is just south of the scrap yard site. 
The salvage yard operated from 1942 to 1974' under the Navy. The yard is 
currently used for the same purpose by Triple A Machine Shop. The source of 
salvage was almost entirely from ships in for repairs. 

6.1.5 Above-Ground and Buried Storage Tanks. Between 1942 and 1974 there were 
approximately 43 above-ground and buried oil storage tanks at HPNS. About 
13 tanks have been removed since 1975. A list of tanks, their type, capacity, 
location 'and contents is provided in Table 6-1. Those tanks which have been 
removed are also included in this table. 

The above.-ground" storage tank farm near Buildings III and 112 is currently 
being used by Triple A. Reportedly, in the early 19408, one of the 286-barrel 
diesel tanks ruptured and its contents overflowed the tank farm berm area. The 
spill was cleaned u.p. No records exist of other past spills or of leaking 
tanks, either buried or above ground. 

6.2 ORDNANCE OPERATIONS. In the Twelfth Naval District, the loading and dis
charging of cargo ammunition and high explosive items of ships allowances is 
performed only at designated Naval ordnance facilities or explosive anchorages. 
Ships scheduled to undergo repair or overhaul at Runters Point are all relieved 
of their ammunition and explosives, except for permissible small arms ammcni
tion, before entry into .the" waters near the shipyard. 

Prior to 1974, two facilities at Runters Point were designated as explosive 
storage structures: a Small Arms Magazine located near Building 813 and an 
Explosive Storage Magazine located near the shoreline on the southeast side of 
the activity •. However, the Small Arms Magazine is not used for its as-built 
function and the Explosive Storage Magazine was demolished. No explosive stor
age facilities are currently required for the activity. 

6.3 RADIOLOGICAL OPERATIONS. A number of radiological research projects were 
conducted at HPNS. These projects studied the decontamination of ships and the 
chemical, physical and biological aspects of the consequences of radioactive 
fallout. All radioactivity studies were conducted and monitored under the close 
scrutiny of a health physicis.t. Radioactive wastes on the shipyard were con
tainerized in 55-gallon drums, encased with concrete and sent to a depth of 
500 to 1000 fathoms approximately 50 miles from HPNS in the Pacific Oceau. 
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Table 6-} 

Above-Ground and Buried Storage Tank, 

Structure Capacity 
No. Type of Tank*" Gal. BBls. Location Department Contents 

8-117 Steel Up. 184,150 4,384 Near Dg. 112 Supply & Prod. Diesel Oil 
5-118 Steel Up. 12,000 285.7 Near Bg. 112 Supply & Prod. Diesel Oil 
8-119 Steel Up. 12,000 285.7 Near Bg. 112 Supply & Prod. Diesel .Oil 

·S-120 Steel Up. 12,000 285.7 Near Bg. 112 Supply & Prod. Diesel Oil 
8-121 Steel Up. 12,000 285.7 Near Bg. 112 Supply & Prod. Diesel Oil 
S-122 Steel Up. U,OOO 285.7 Near Bg. 112 Supply & Prod. Diesel Oil 
S-123 Steel Up. 12,000 285.7 Near Dg. 112 Supply & Prod. Diesel Oil 
S-124 Steel Up. 12 ,000 285.7 Near Dg. 112 Supply & Prod. 
S-125 Steel Up. 12,000 285.7 Near Bg. 112 Supply & Prod. 
S-126 Steel Up. 12 ,000 285.7 Near Dg. 112 Supply & Prod. Lube Oil 

0-
*5-127 Steel Horiz. 3,000 71.4 Near Dg. III Supply & Prod. Lube Oil 

t *S-128 Steel Horiz. 3,000 71.4 Near Dg. HI Supply & Prod. Lube Oil 
.w 

*5-129 Steel Horiz. 3,000 71.4 Near Dg. 111 Supply & Prod. Lube Oil 
*5-130 Steel Horiz. 3,000 71.4 Near Dg. 111 Supply & Prod. I.ube Oil 
*8-131 S tee I Horiz. 3,000 71.4 Near Bg. III Supply & Prod. Lube Oil 
*5-132 Steel Horiz. 3,000 71.4 Near Dg. 111 Supply & Prod. Lube Oil 
*S-133 Steel Horiz. 3,000 71.4 Near Dg. III Supply & Prod. Lube Oil 
*5-134 Steel Horiz. 3,000 71.4 Near Dg. III Supply & Prod. Lube oil 

5-135 Steel U.G. 1,250 25.7 Near Dg. 116 Supply & Prod. Fuel Oil 
5-136 Steel U. G. 750 17.9 Near Dg. 118 Supply & Prod. Fuel Oil 

*5-146 Wood Up. 7,500 178.0 Near Dg. 124 Public Works Sulphuric Acid 
*5-147 Wood Up. 5,000 119.5 Near Dg. 124 Supply & Prod. Distilled Water 
*5-148 Wood Up •. 5,000 119.5 Near Dg. 124 Supply & Prod. Distilled Water 
*5-149 Wood Up. 5,000 119.5 Near Bg. 124 Supply & Prod. Electrolyte 

*S-}50 Wood Up. 5,000 119.5 Near Dg. 124 Supply & Prod. Electrolyte 

5-209 Cone. U.C. 210,000 5,000 Near Bg. 203 Public Works Fuel Oil 
8-211 Steel U.C. 3,000 72 Near Dg. 203 Public Works Fuel Oi 1 

Z 8-212 Steel U.G. 4,500 107 Near Bg. 203 Public Works Fuel Oil 

~ 
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Stl'~cture 
No. Type of Tank** 

5-213 Conc. U.G. 
5-214 Steel U.G. 
8-215 Steel U.G. 
S-304 Steel O.G. 
5-305 Steel Up. 

.5....:505 Steel Up. 
5-506 Steel Horiz. 
5-508 Steel U.G. 
5-711 Steel U.G. 
S-712 Steel U.G. 
S-713 Steel U.G. 
S-714 Steel V.C. 
8-BOI Steel U.G. 
5-802 Steel U.G. 
5-901 Steel Up. 
5-453 Unknown O.G. 
5-454 Unknown U.G. 

*Tanka have been removed 

**Up. Vertical 
Horiz. • 1I0rizontai 
U.G. Underground 

Table-6-1 

Above-Ground and Buried Storage Tanks (Continued) 

Capacity 
Gal. BBls. Location ~artment Contents 

35,000 834 Near Bg. 203 Public Works Treated Water 
21,924 522 Near Bg. 205 Public Works Fuel Oil 
25,320 602.9 Near Bg. 270 Supply & Prod. Paint Thinner 
6,880 163.8 Near Bg. 304 Public Works Gasoline 
6,880 163.8 Near Bg. 304 Public Works Gasoline 

630,000 15,000 Near Bg. 521 Public Works Fuel Oil 
21,000 500 Near Bg. 500 Public Works Gasoline 

750 ]7.9 Nesr Bg. 500 Supply & Prod. Fuel Oil 
5,000 11.9 Near Bg. 709 Ships Service Gasoline 
5,000 1l.9 Near Bg. 709 Ships Service Gasoline 
5,000 11. 9 Near Bg. 709 Ships Service Gasoline 
5,000 11.9 Near Bg. 709 Ships Service Diesel Oil 

10,800 257 Near Bg. 811 Supply & Prod. Diesel Oil 
6,800 164 Near Bg. 811 Supply & Prod. Fresh Water 

420,000 ]0,000 Innes Ave. Public Works Fresh Water 
Unknown Unknown Near Bg. 435 Public Works Unknown 
Unknown Unknown Near Bg. 435 Public Works Unknown 



Approximately 150 drums a year were disposed of in this manner from 1950 through 
1959. 

Ocean disposal of radiological waste ceased in 1959 ·and berween 1960 and 1969 
HPNS radioactive wastes were hauled offsite by contractors to licensed disposal 
sites. From 1960 through 1969. the health physicist continued to monitor all 
radioactive activities. In 1969 all radiological research activities ceased at 
HPNS. 
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CHAPTER 7. WASTE PROCESSING 

This chapter discusses the various waste processing or treatment operations at 
Hunters Point Naval Shipyard (HPNS). 

7.1 INDUSTRIAL. No industrial waste processing took place at HPNS. No sewage 
treatment or industrial waste treatment plant ever existed there; however, an 
oil reclamation plant and a small incinerator were utilized. 

7.1.1 Sanitary and Storm Sewers. From 1941 to 1977 a combined sanitary and 
storm sewer carried the sanitary, industrial, and storm waste waters to Build
ing 819 Where pumps sent it to the City and County of San Francisco's treatment 
plant. No processing of the water was accomplished on base. During this time 
period occasional large stOrms would result in the combined sewer system over
flowing thus causing flow diversion to outfalls in San Francisco Bay. In 1977 a 
military construction project separated the two sewer systems, and stopped this 
diversion problem. 

7.1. 2 Waste Oil Reclamation. HPNS operated a 
utilizing two man-made ponds and a boiler on the 
One pond was 50 x 60 x 5 feet with a capacity of 
100 x 5 feet with a capacity of 4500 barrels. 
constructed in Bay-fill material within 10 m of 
structed in 1944 and were in use until 1974 when 
surface structures removed. 

waste oil reclamation system 
southeast shoreline (Site 1). 
3500 barrels and one was 55 x 

The ponds were unlined and 
Bay waters. They were con
they were filled in and the 

Oily wastes from -ships and yard operations were brought to the ponds via tank 
truck from various places in the yard and by 8 inch pipeline from Berth 29. In 
addition, oily wastes were barged to Hunters Point from other government instal
lations such as Alameda and Treasure Island for reclamation. The annual amount 
of waste received at the ponds varied from abou't 0.6 to 2.0 million gallons with 
as much as 30 percent coming from other installations. The oily waste was pri
marily from tank cleaning and ballast and bilge pumping for ships undergoing 
repair. In addi tion slop oil generated in the yard such as lube oi l, gear oil t 
and hydraulic fluid, was collected and sent to the ponds. At the ponds the oil 
was heated to assist in oil water separation and drawnoff water was discharged 
to the Bay. Reclaimed oil was then removed from the ponds about three times a 
year by a contractor who sold much of it for road oil. Evidence suggests that 
the ponds were influenced by tides and that oil leached to the Bay at times. 

7.1.3 Incineration. A small incinerator behind Building 815 was in use from 
the mid 1950s to 1970. It was used to destroy classified documents primarily 
generated in those buildings where radiological research was being conducted 
such as in 815, 364, and 506, and 816. 

7.2 ORDNANCE. No ordnance processing systems were on HPNS property. All 
ordnance handling connected with Navy vessels was accomplished outside HPNS 
boundaries in other parts of San Francisco Bay. 

7.3 RADIOLOGICAL OPERATIONS. No processing of radioactive wastes was conduc
ted on 8PNS property. 
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CHAPTER 8. DISPOSAL SITES AND POTENTIALLY CONTAHINATEDAREAS 

This chapter describes the disposal sites and potentially contaminated areas 
identified by the lAS team at Hunters Point Naval Shipyard (HPNS). Figure 8-1 
shows the location of all BPNS disposal sites. 

8.1 SITE 1, OIL RECLAMATION PONDS. From 1944 until 1974, HPNS operated a waste 
oil reclamation system utilizing two man-made ponds and a boiler on the south
east shoreline of the shipyard. One pond was 50 x 60 feet wide x 5 feet deep 
with a capacity of 190,000 gallons and the other was 55 x 100 x 5 feet with a 
capacity of 250,000 gallons. The ponds were unlined and constructed in bay fill 
material within 10 meters of bay shoreline. In 1974 the ponds were filled in 
with bay fill material and the surface structures removed. There was no indica
tion that any clean-up operation of underlying soil materials took place prior 
to the ponds being filled in. 

The ponds received oily wastes from ships in dry dock or berth and from shipyard 
shop operations. The oily wastes were transported to the ponds either by tank 
truck or by an 8-inch pipeline from Berth 29. In addition, oily wastes were 
barged to Hunters Point for reclamation from other government installations in 
the Bay Area such as Alameda and Treasure Island. The amount of waste reclaimed 
at the ponds varied from about 0.6 to 2.0 million gallons a year with as much as 
30 percent coming from other installations in the Bay Area. Reclaimed oil was 
removed from the ponds on the average of three times a year by a contractor who 
transported the oil off base and sold it for road oil. The waste oils and fuels 
were primarily from ships' fuel tank cleaning and ballast and bilge pumping for 
ships undergoing-repair. In addition slop oil generated in the yard such as 
lube oil, gear oil, and hydraulic fluid, was collected and sent to the ponds. 
Evidence suggests that some of the oily waste was contaminated with chemicals 
such as solvents (trichloroethylene), caustic soda, ethylene glycol and chro
mates. The lAS team could not determine the amount of chemicals that were 
disposed of in the ponds. The waste oil was heated to assist in oil-water 
separation and draw-off water was discharged to the Bay. 

Oils are expected to have percolated into the bay fill material" and to the 
ground water system. The migration pathway' is towards the Bay and being that 
the ponds were 10 meters from the shore, the potential is high that oily waste 
contaminants are entering the Ray via the ground water systems. 

8.2 SITE 2, BURNING DISPOSAL SITE. In the southeastern corner of the shipyard 
an open burning refuse disposal site was operated from 1945 to 1948. The site 
was approximately 1 acre and was used for the disposal of general refuse and 
domestic garbage from the Navy housing quarters. No reports were recorded of 
hazardous material or liquid waste disposal at this site. The volumes of waste 
received have been estimated at 30 tons per day. Over the 3 years of operation 
approximately 23,000 tons of wastes were disposed of at the site." Burning was 
done on a regular basis which substantially reduced the volume of solid waste. 
The operation ceased when odor and smoke began to impact the Navy housing units 
nearby by site. The site was graded and covered at its closing in 1948. The 
site is not suspected of containing hazardous waste materials or other contami
nants, and therefore the potential for migration of contaminants would not 
exist. 
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8.3 SITE 3, INDUSTRIAL LANDFILL. From 1958 to 1974 the south Bav shore area of 
the shipyard was used as an industrial landfill site. Records show that little 
control was placed on the disposal of both solid and liquid chemical materials 
at the site. The solid wastes included domestic garbage and refuse, bay dredge 
materials, building construction and demolition materials, industrial shop 
waste, waste containers, and low-level radioactive waste. The solid waste was 
generated by all shipyard operations and shops including the disposal of ship 
repair materials. It is estimated that approximately one million cubic yards of 
solid waste material were deposited in the landfill. 

Various known chemical and industrial liquid wastes were also disposed of in the 
landfill. The types of liquid waste are described in a study conducted by 
Kennedy Engineers (967) and are summariz:ed on Table 5-1 of this report. 
According to Kennedy (1967), some of the industrial liquid waste generated was 
disposed of in the landfill. The report also showed amounts of waste generated. 
It was assumed by the lAS team that the waste disposed of in the landfill is 
about 0.5 percent of the industrial waste volumes shown in Table 5-1, Chap
ter 5.' Lable 8-1 reflects the use of this assumption, which shows the volumes 
of liquid wastes disposed of in Site 3. 

Bldg. No. 
Where Waste 

Was Generated 

134 

253 

211 

271 

217 

435 

302 

231 

Table 8-1 

Quantities of Liquid Wastes 
Placed In The Industrial Landfill 

Type of Waste 

Penesolve 814 
Penestrip CR 

HaOK, Stoddard solvent 
Stan Kleen, and paints 

Paint sludges 

Paint sludges 

Paint sludges 

Paint sludges 

Paints and paint sludges 

Waste solvents, oils, 
greases 

Solvents and waste oils 

8-,3 

Estimated 
Total Quantity 

(minimum gallons 1958-74) 

2,000 

4,000 

4,000 

1,000 

1,000 

1,000 

2,000 

2,000 

4,000 
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Prior to 1960, the paint and paint sludge wastes contained lead. The bulk 
wastes also include asbestos from ships and buildings. It is estimated that 
500 cubic yards of asbestos were disposed in the landfill. In addition, it is 
estimated that 6000 pounds of fluorescent radium dials and knobs from ships were 
placed in the landfill. 

According to a BPNS sand blasting handling report, approximately 14,000 tons of 
sand and scrapings from blasting were generated each year. This amounts to 
475,000 tons of waste sand for the approximate 33 years (1945-1978) when land
filling and bay filling were the methods of disposal. It is approximated that 
this material contained about 52,000 tons of paint scrappings. It is assumed 
that half of this material is deposited into the Bay Fill area east of the 
landfill (Site 9), and the other half is deposited in the industrial landfill 
(Site 3). 

In late 1974, the landfill was closed by implementing Military Construction 
(MILeON) Project 262. The project included a storm water interceptor line that 
directs storiD water runoff from the hill area north of the landfill. This 
prevents the runoff from inundating the old landfill and increasing leachate 
problems. The storm water is diverted around to an outfall near Berth 36. 
MILCON 262 also included covering the fill area and planting of native grasses. 
In addition, an earthen dike 1000 feet long of impervious clay was constructed 
along the bay front. This dike was supposed to include 8 slurry trench exca
vated below the water level. However, reports indicate the excavation was very 
difficult due to the large amount of bulky debris underground and an effective 
seal was not possible to construct. 

Site 3 is· located -on fill and is adjacent to the Bay. The hazardous waste 
includes large volumes of liquids as shown in Table 8-1. Therefore, the poten
tial for contamination to leach into the soil and ground water is high. In 
addition, the potential for these contaminants to migrate towards the Bay is 
also high. -

8.4 SITE 4, ABANDONED 55-GALLON DRUMS. Seven abandoned 55-gallon drums are 
located just to the vest of Building 816. One of the druma is labeled Styrene 
and one Pine Tar. The other five drums are unlabeled. All drums were partially 
full and showed evidence of leaking. The spill area is about 200 square. !eet. 
The drums were originally placed at the site in 1977. 

The drums are located over an area consisting of a thin veneer of fill which 
overlies bedrock. However, the volume of the spill area is very SlIlall and 
distance to the Bay is almost 1 mile. Therefore, the potential migration of 
contaminants from this spill area towards the Bay is minimal. Due to the 
unknown nature of the drum contents, a potential threat to human health may 
exist if direct human contact with the spill area were to occur. 

8.5 SITE 5, SCRAP YARD. The scrap yard is located just east of the industrial 
landfill site, in the southwest portion of HPNS. The yard has been in use since 
1954. The area is mostly unpaved but may have been oiled to surpress dust. 

Besides bulk material such as shipyard steel, materials such as capacitors, 
lead, and copper were also stored at this site. It is estimated that more than 
1000 capacitors were stored -over the 30 years. Many of the capacitors held 
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I-quart of PCBs each. This would amount to about 250 gallons of PCBs stored 
over~30 years. There is some evidence, from interviews, that· these capacitors 
were crushed in the scrap yard against a concrete wall and at other scrap yard 
locations. If this occurred, PCB has been spilled around the scrap yard area. 

The lead and copper were products from submarine batteries. It is estimated 
that over 42 million pounds of lead and about 7 million pounds of copper were 
stored at the scrap yard over the 30 years. Since tbe yard is exposed to rain it 
has been estimated tbat about 7000 pounds of lead and copper residue may have 
been washed onto the soil. This area is also bay fill ~terial and therefore, 
contaminants can easily percolate into the ground water system. Migration 
towards the Bay is highly probable. 

8.6 SITE 6, OLD TRANSFORMER STORAGE YARD. From 1946 to 1974 used electrical 
transformers of various sizes were stored in a open .yard 400 feet north of 
Building 704. The site was and still is unpaved. The number of transformers 
stored or the length of time each was stored at this site could not be deter
mined .from records or interviews. However, current (1983) records show an 
average of six to eight used transformers containing PCBs have been stored at 
HPNS each year. Transformers are periodically hauled offsite by a contractor. 
Although there is no record of past transformer PCB oil spills, it can be 
assumed that some old transformers did leak oils and/or were emptied onsite. 
the possibility of PCBs being contained.in the oils is high. The small amounts 
of spilled PCB would probably be absorbed in the soil. The mobility of PCB in 
the soil is very low and therefore it is unlikely that PCBs would enter the 
ground water system. PCBs on the surface soil would, however, present a poten
tial threat to h~n health, if persons were to came into direct contact with 
the contaminated soil. 

8.7 SITE 7, BUILDING 521 - POQER PLANT. Building 521 is located on the north
east side of J Street at Mahan St. The plant operated from 1950 to 1969 and bas 
been shutdown sillce that time. Currently the site contains 400-500 Ibs of 
discarded and waste asbestos, IS unnamed, full 5-gallon chemical containers, 
and one 5-ga1lon can of xylene stored on the ground immediately outside of the 
building. Over the years asbestos has been washed by rains onto the surrounding 
unpaved soil. 

As there is no visible evidence of leaking containers or spilled chemicals and 
the only major contaminant is asbestos particulates, the potential for ground 
water contamination of this site is small and migration to the Bay is unlikely. 

8.8 SITE 8, PIC~ING AND PLATE YARD. The steel pickling yard is located at 
Building 411 (Shop 11 and 7). PiCkling occurred here from 1947 to 1973. Acid 
storage tanks, open (brick-lined) pits for dipping .of large steel plates, and 
open plate yard storage racks characterize this site. Chemicals used at this 
site were zinc chr~te primer, sulfuric acids, sodium dichromate, and resin 
thi1lI1ers. Although this lAS could not determine the amount of chemicals spilled 
onto tbe paved surface, visual inspection of the site shows significant amounts 
of primer residue and acid stains on the ~quipment, buildings and ground. 
Untreated liquid wastes (acids) which were discharged to the storm sewer which 
flowed directly into the Bay. Estimated volumes of chemicals used and dis
charged into storm drains is provided in Section 5.1, Table 5-1. Volumes of 
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chemicals spilled onsite could not be determined from records, interviews or 
site investigation. 

In the past most of the liquid hazardous materials and wastes were either stored 
in lined pits or discharged to the Bay. Today, the yard is paved and surface 
runoff drains into a sewer system. These conditions prevent plate yard conta~ 
inants from reaching the ground water or the Bay. The overall potential for 
these contaminants to migrate to the ground water or Bay is small. A threat to 
human health may, however, exist for those coming in contact with the chemical 
residues left onsite. 

8.9 SITE 9, BAY FILL. The area southwest of J Street is a large fill area of 
about 40 acres that was the disposal site for ship sandblast waste and other 
fill material from the mid 19405 to about 1978. Sandblasting sand as it is used 
can accumulate rust, paint scrapings, barnacles and other debris from the object 
(ship) being sandblasted Which increases the sand volume by about 18 percent. 
Records indicate that about 10,000 tons of sand blasting abrasives were used 
annually in the shipyard. It was estimated that this volume of waste sand blast 
contained about 2200 tons of paint, rust and scraping material. These materials 
would be expected to contain lead, tin, chromium, zinc and other chemicals that 
were constituents of the paint scrapings. Over jj years at BPNS, 85,500 tons of 
non-sand waste including 52,300 tons of paint scrapings were generated. It is 
assumed that 50 percent of this waste. went to the Bay Fill area (Site 9) and 
50 percent went to the industrial landfill (Site 3). Also, the shoreline of 
Site 9 has been rip rapped with steel cable and other metal debris at various 
points along the shore and especially at the southeastern edge of the site near 
Berth 36. 

As there are high vo lumes of contaminants (paint scrapings, lead, chromium, 
etc.) present in the bay fill, the probability for contaminants to enter the 
ground water system and to migrate to the Bay is high. Surface water runoff, 
containing these contaminants, would also easily flow into the Bay. . 

8.10 SITE 10, tANK FARM. In the northern part of the yard is a small tank farm 
near buildings III and 112. There is currently one 4384 barrel (gallon/barrel) 
steel tank and nine Z86-barrel steel tanks all being used to hold diesel oil 
except one of the 2a6-barrel tank which stores lube oil. Also at the tank farm 
site is an area from which eight 7l-barrel steel horizontal tanks have' been 
removed. The tank farm was built in the early 1940s and as described above is 
partially still being used and is partially past practice. Reportedly, in the 
early 1940s there was a major spill of diesel oil caused by a ruptured tank. 
Apparently the entire contents of a 286-barrel tank were spilled and it over
f1owe~ the berm. Cleanup consisted of removing the spilled oil to the oil 
reclamation ponds. In the area where the horizontal tanks were removed there is 
visable evidence of past leakage of an undetermined amount. 

Ihis site is underlain by bedrock. The hydraulic conductivity of the bedrock is 
generally quite low unless there are major fractures underlying a particular 
site. As the contaminants were cleaned up and because of the low hydraulic con
ductivity the potential for migration to ground water is low. 

8.11 SITE 11, BATTERY AND ELECTROPLATING SHOP. From 1946 to 1974, waste acids 
contaminated with lead and copper were spilled onto the floor of the submarine 
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battery shop in Building 123. "In the 28 years of operation approximately 
1.8 million gallons of spent acid was drained into floor drains. A total of 
about 40 million pounds of lead (battery elements) was also handled over the 
life of this operation. It was estimated that a total of 10,000 gallons of acid 
contaminated with lead spilled onto the floor and doek loading area of Build
ing 123. 

Most of these contaminants were spilled into floor drains which entered the 
storm sewer "and discharged to the Bay. As the building has a concrete floor 
there is very little potential for the migration of these contaminants to the 
ground water. However, contaminant deposits may still be embedded on the floor 
of the building. Contaminated suspended particulates from the floor could pose 
a potential health threat to the workers that currently occupy this building. 

A plating shop was also located in Building 123. Acids, chromates, and heavy 
metals from this operation were discharged primarily through the storm sewer 
system. to the Bay. Cyanide wastes were also generated but were disposed of 
separately in containers and transported to the landfill. Approximately 
250,000 gallons of spent electrolyte contaminated with heavy metals were poured 
into the floor drains. Approximately 1500 gallons of this contaminated electro
lyte ended up on the floor itself. Some of these hazardous metals may still be 
deposited on the floor of the buildings and when agitated, could become partic
ulates in the air posing an occupational health threat to workers occupying this 
building. There is no potential for ground water contamination from this site. 

8.12 SITE 12, BAY SEDIMENTS. From 1942 to 1977 the shipyard had a combined 
sanitary and atorm sewer system. Industrial waste water was discharged to this 
system and vas pumped to the City and County of San Francisco's sewage collec
tion system and treatment plant. However, in periods of high storm water runoff 
which occurred about 9-12 times annually, diversion structures would direct the 
flow directly to the Bay. Overflows were discharged near Berth 4, near Lockwood 
and Donohue Streets, near Berth 15, and southWest of Mahan and J Streets. In 
addition, from 1942 to about 1970 the battery and electroplating shop (Build
ing 123) and the acid mixing plant (Building 124) discharged industrial vaste 
water directly to the Bay via storm drain at an area near Berth 64. This drain 
carried about 12,000 gallons per day of was tevater to the Bay and contained 
sulfuric acid, solvents, hexavalent chromium, cyanide, copper, and lead from 
plating and battery overhaul operations. 

In consideration of the extensive past discharges of industrial wastes to the 
Bay, the Bay sediment immediately surrounding HPNS is considered to be a past 
disposal site as it received both the soluble and insoluble contaminants in the 
waste stream. The soluble portion was diluted and carried away by tidal forces. 
However, insoluble metals and particulate wastes settled into the bottom sedi
ment of the Bay. Sediment samples taken in 1971 to support a shipyard dredging 
permit application show elevated chemical oxygen demand (53,000-74,000 mg/gm), 
lead (46-65 mg/kg), volatile solids (71 ,000-90,000 mg/kg), and zinc (140;" 
200 mg/kg). Sediment chemistry data from a 1971 analysis of shipyard bay 
sediment (next to the Dry docks) also show high copper levels of 1754 mg/kg. A 
48 hour sediment bioassay conducted in 1971 did not show significant mortality 
to fish, however (Permit for Maintenance Dredging, WESDIVNAVFACENGCOM Memo to 
U.S. Corps of Engineers, 11 November 1971). Contaminants in the sediment are 
tightly bound and thus are not"mobile unless the sediment is disturbed. 
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APPENDIX A 

GOVERNMEN'I AGENCIES CONTACTED FOR THE INITIAL ASSESSMENT STUDY 
AT HUNTERS POINT ·NAVAL SHIPYARD (DISESTABLISHED) 

• Naval Energy and Environmental Support Activity (NAVENENVSA), Port 
Hueneme, California 

• NAVFACENGCOM Command Historian, Naval Construction Battalion Center, 
Port Hueneme, California 

• Naval Facilities Engineering Command (NAVFACENGCOM) Headquarters, 
Alexandria, Virginia 

• Naval Facilities Engineering Command, Western Division, San- Bruno, 
California: Planning Branch, Geotechnical Branch,Facilities Planning 
Department, Real Estate Branch, and Natural Resources Management 
Branch. 

• Ordnance Environmental Support Office, Naval Ordnance Station, Indian 
Head, Maryland 

• Department of Defense Explosive Safety Board; Alexandria, Virginia 

• Navy Historical Center, Operations Archives, Navy Yard, Washing~on, 
D.C. _ 

• Naval Library, Navy Yard, Washington, D.C. 

• National Archives: Navy and Old Army Branch, Still Pictures Branch, 
and Cartographic Branch, Washington, D.C.; Federal Records Center and 
Suitland, Maryland and Laguna Niguel, California 

• United States Environmental Protection Agency, Region IX, 5anFran
cisco, California 

• City of San Francisco, Department of Water Resources, San Francisco, 
California 

• Regional Water Quality Control Board, Oakland, California 

• Supervisor of Shipbuilding, Conversion and Repair, USN, San Francisco. 
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1.0 INTRODUCTION 

1.1 Land Uses and Possible Sources of Sediment Chemical Contamination 
in Long Beach Harbor 

Since it's foundation in 1911, there has been a diversity ofland uses in the Port of Long Beach (POLB) 
and throughout the Dominguez and Los Angeles (LA) River Watersheds that may have contributed to 
historical and/or present chemical contamination of Long Beach (LB) Harbor sediment. Historically, in 
addition to shipping operations, major land uses in POLB included oil production, shipbuilding, 
commercial fish canneries, and naval activities. Shipbuilding started in Long Beach in 1907, when Craig 
Shipbuilding relocated from Toledo, Ohio. During World War I, ship building advanced with Craig 
Shipbuilding and Long Beach Shipbuilding Company jointly operating several shipyards to meet the 
demands of war (White, 2009). In 1940, the U.S. Navy purchased 119 acres ofland on Terminal Island, 
establishing a naval station including a large shipyard. During World War II, ship repairs were the largest 
activity at the naval station. The naval shipyard performed structural, sheetmetal, boiler, rigging, 
electronics, electrical, insulating, ordnance, sandblasting, welding, machining, woodworking, painting, 
pipe fitting, and other repair services (California State Military Department, 2008). In 1997, the naval 
shipyard closed. Over 50 years of industrial naval activities have contributed to significant contamination 
of harbor sediment in West Basin. Prior to the U.S. Navy's presence on Terminal Island, this area was 
used by commercial fishing operations. In the 1930's, canneries located on Terminal Island included 
South Pacific Canning Company and the Long Beach Tuna Canning Company (currently Chicken of the 
Sea) (White, 2009). In 1938, the first oil well was drilled in LB Harbor. During World War II, oil 
production was non-stop with over 125 wells located in POLB. Today, oil remains important cargo; 
however, most of the crude oil originates in Alaska. Atlantic Richfield Company (ARCO), British 
Petroleum (BP), and Shell currently operate in POLB. In addition to land uses on POLB facilities, 
historical residential, commercial, and industrial land uses adjacent to both Dominguez Channel and the 
LA River have contributed to contamination as discussed in Section 1.2 below. 

Today, POLB is the second busiest port in the United States. It encompasses approximately 1,295 HA 
(3,200 acres), containing 80 deepwater berths, 10 piers, and 71 post-panamax gantry cranes. Cargo 
includes containerized, Roll On-Roll Off (i.e. automobiles), liquid bulk, dry bulk, and break bulk. Liquid 
bulk includes crude oil, petroleum products, vegetable oil, and ethanol. Dry bulk includes gypsum, coal, 
sodium sulfate, concentrates, cement, borax, petroleum coke, potash, prilled sulfur, and salt. Break bulk 
includes food products, lumber, steel, recyclable metal, and machinery. Current and historical activities 
occurring on POLB facilities involving the handling, transport, and processing of this cargo may have 
some relationship to chemical contamination in LB Harbor sediment. Commercial activities in POLB (i.e. 
cruise lines) and businesses accommodating recreational activities in POLB (i.e., Pierpoint Landing sport 
fishing operations) also may contribute to contamination in LB Harbor through the storage and release of 
waste materials (i.e. fuels). Similar types of activities occurring throughout the Dominguez and LA River 
Watersheds also may contribute to LB Harbor sediment contamination. 

Chemicals associated with past and present land use activities in LB Harbor and throughout the 
Dominguez and LA River Watersheds (discussed in Section 1.2) may have been released into the 
environment through accidental release (i.e., leaks, spills, storm water runoff) or intentional discharges. 
At shipbuilding and repair shops, possible sources of contamination are metals, polychlorinated biphenyls 
(PCBs), polycyclic aromatic hydrocarbons (PAHs), and organotins associated with paints, solvents used 
to remove paints, and oil-based products used to operate heavy machinery (Mesa Environmental Services, 
1998; Black Rock Geosciences, 2002). In areas where liquid bulk products are stored and transported, 
contamination may have resulted from leakage of petroleum, fuels, or chemicals from holding tanks or 
spills during transfer (Tetra Tech, 1994a; Tetra Tech, 1994b). Similarly, accidental release of bulk 
products during transport and handling at POLB facilities are also possible sources of contamination. 
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Other activities in LB Harbor that may contribute to contamination include oil spillage from vessels, boat 
waste discharges, hazardous waste storage, and the fragmentation of metal from vessels. In addition, other 
historical industrial land uses on POLB facilities (i.e., battery disposal) are also possible sources of 
contamination. 

1.2 Physical Pathways for Chemical Distribution and Deposition into Long 
Beach Harbor 

Numerous physical mechanisms contribute to the fate, transport, and ultimately deposition of chemical 
constituents into LB Harbor sediments. Many of these are discussed in detail as part of the Water 
Resources Action Plan (WRAP) being generated for POLB and therefore, they are only briefly 
summarized here. During storm events water may flow directly off of impervious surfaces within POLB, 
thereby transporting chemical-bound particles or freely dissolved chemicals (i.e., oil) into the Harbor. The 
majority of outfalls within the Harbor discharge runoff originating from the industrial areas within POLB; 
however, four outfalls (fed by pump stations) discharge stormwater originating from the City of Long 
Beach. All four of these outfalls are located in Cerritos Channel. 

Another significant source of contamination into LB Harbor includes inflows from the LA River and 
Dominguez Channel. Over the last century, residential, commercial, and industrial land uses adjacent to 
both Dominguez Channel and the LA River have contributed to contamination derived from sources such 
as permitted discharges, nonpoint source runoff, atmospheric deposition from nearby industries, and illicit 
dumping of wastes. The LA River drains a land area of over 2,135 km2 (834 mi2

) from the eastern 
portions of Santa Monica Mountains, and Simi Hills to the San Gabriel Mountains in the west. More than 
half of this watershed is highly developed and encompasses land uses which influence water quality of the 
LA River or its eight major tributaries. As a consequence of these activities, there are water quality 
impairments due to pH, ammonia, metals, coliforms, trash, scum, algae, oil, pesticides, volatile organics, 
and sediment. The LA River discharges to the east side of LB Harbor; plume and sediment transport 
modeling predict the area of influence to include the entire San Pedro Bay and the southern portions of 
POLB. During large storm events, high levels of suspended solids and associated chemical constituents 
are transported down the LA River, which mixes with seawater within San Pedro Bay (Long Beach 
Harbor District and the City of Long Beach District) and as a consequence of the breakwater flows in part 
into the outer portion of LB Harbor, dispersing suspended particulates into this area. 

The Dominguez Watershed is a 110-square mile area that includes portions of the southern part of the 
City of Los Angeles, much of the cities of Lomita, Carson, Gardena, Inglewood, Hawthorne, Lawndale, 
and Torrance, and portions of the South Bay cities, the Palos Verdes peninsula, and the City of Long 
Beach. Similar to the LA River, point and nonpoint source pollution over the last century has been 
released into the Dominguez Channel from the surrounding residential and industrial areas. The 
Dominguez Channel discharges into LA and LB Harbors via the Consolidated Slip. Storm water runoff 
entering the harbor through the Dominguez Channel, particularly after the first rain of the season, is a 
potentially significant source of contamination as a consequence of elevated levels of suspended solids 
and associated chemical constituents. During large storm events, plume and sediment transport modeling 
predict fresh water flows from the Dominguez Channel discharge into Cerritos Channel, distributing 
suspended solids and contaminants into LB Harbor prior to deposition. 

Another significant source of sediment contamination in the Harbor is via atmospheric deposition of 
particles, particularly those greater than 10 microns (4 x 10-4 in; Stolzenback et aI., 2001). Specifically, 
the large particulates generated through a variety of mechanisms at POLB and throughout the South Coast 
Air Basin may be transported and deposited in LB Harbor. The use of cars, trucks, buses, and heavy 
equipment (e.g. diesel engines, locomotives, and marine vessels) are known to release products of 
incomplete combustion (i.e., PAHs, vanadium, nickel, etc.; [Poor, 2002]). Industrial activities such as 
mechanical generation of particles resulting from grinding, braking, maintenance operations, 
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sandblasting, welding, and painting may potentially result in the creation of fugitive dust and release of 
particulates to the atmosphere. These particulates may be comprised of carbon, nitrates, sulfates, organic 
chemicals, metals, and other materials. Once in the atmosphere, particles are transported by the wind and 
deposited directly into LB Harbor or indirectly into LB Harbor through the watershed. 

There are similarities in management programs and differences in the pathways through which 
stormwater contaminants are released into the Ports of Los Angeles (POLA) and POLB. As a 
consequence of the discharge associated with storm drains, both Ports have existing programs to manage 
storm water discharges from industrial operations and construction projects, as regulated under the State 
of California General Industrial and General Construction Programs. However, storm water conveyance 
systems in POLA that discharge during both dry weather and rain events have the potential to deliver 
large volumes of freshwater and associated contaminants and are another major vehicle through which 
contaminants are released into LA Harbor. The Dominguez Channel, Gaffey Channel, and several major 
storm drains also discharge from Wilmington and San Pedro community into LA Harbor. The ongoing 
discharge of dry weather flows from channels and major storm drain conveyance systems have the 
potential to contribute waterborne contaminants throughout the year and may be greater than wet weather 
loadings. In POLB, there are smaller storm drain systems and no major channels or conveyance systems 
discharging directly into LB Harbor. The ultimate source abatement or mitigation activities undertaken to 
reduce contaminant discharges from stormwater conveyance systems may be different in the two Ports 
based on the dry weather and wet weather loadings. 

1.3 Data Selection Process 

The purpose of this review is to provide an overview of PO LB' s surface sediment condition based on all 
surface sediment characterization and monitoring studies from 1987 to 2008. These studies include 
surficial sediment chemistry data sampled as part of large monitoring programs including the Bay 
Protection and Toxic Cleanup Program (BPTCP) conducted from 1992-1997 (BPTCP, 2008), Western 
Environmental Monitoring and Assessment Program (WEMAP, 1999), Environmental Monitoring and 
Assessment Program (EMAP, 2005), Southern California Bight Monitoring conducted in 1994, 1998, and 
2003 (Southern California Coastal Water Research Project [SCCWRP], 1996; 2003; 2007), a separate 
SCCWRP study called PV88 (Anderson et aI., 1988), 2006 Port TMDL Support Study (Weston 
Solutions, Inc. [WESTON], 2007a), and sediment characterization studies conducted on behalf of the 
U.S. Navy (Long Beach Naval Station Feasibility Study in 1998 [Bechtel, 2003]) and POLB (WESTON, 
2007b). All references associated with the data summarized in this report are provided in the reference 
section below (Section 3.0). It should be noted that sediment chemistry data collected in areas where 
dredging, fill, or remediation activities has since occurred was not included in this data set because it no 
longer represents the current surficial sediment condition in LB Harbor. To determine relevant data to 
include in this review, all surface sampling stations were overlain with dredge, fill, and remediation areas 
within LB Harbor. If the station was located in a dredge area and dredging occurred subsequent to sample 
collection, the station was eliminated. In addition, if the station was located in a fill area, the station was 
eliminated. Figure 1 depicts the location of dredge and fill areas in LB Harbor. 

Only surface sediment chemistry is summarized in this review of sediment quality conditions because 
unlike subsurface sediment, surface sediment has the potential to contribute to the concentrations of 
pollutants in the water column and is likely to be bioavailable to benthic organisms that inhabit this 
biologically active layer. Sediment collected as part of dredged material evaluations was also not included 
because the sediment was removed and therefore no longer represents the current condition. 
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Figure 1. Dredge and Fill Areas within Long Beach Harbor 
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2.0 DISTRIBUTION AND MAGNITUDE OF CHEMICALS IN LONG 
BEACH HARBOR SEDIMENTS 

2.1 Water Quality Standards: Total Daily Maximum Loads 

2.1.1 Introduction 

TMDLs are being developed for Los Angeles/Long Beach Harbor to control inputs of water quality 
contaminants via stormwater and the continued input to the harbors of waterborne contaminants from 
non-point sources such as land uses inside and outside the harbors, aerial deposition, and vessel activities. 
The TMDLs will also address the presence of legacy sediment contaminants that have prompted Section 
303(d) listings. 

As described in Section 2.1, Section 303(d) of the CWA requires states to develop a list of bodies of 
water that are impaired according to the listing criteria. Listings can be made on the basis of water, 
sediment, tissue, and/or biological factors such as toxicity and benthic community structure. By placing a 
water body on the Section 303(d) list, the state identifies it as 'Water-Quality Limited Segment" 
(WQLS). Once a water body is identified as WQLS, it is assumed that it will always need additional 
limitations beyond technology-based controls. These limitations usually take the form of TMDLs. A 
TMDL establishes a maximum limit for a specific pollutant that can be discharged into a waterbody 
without causing it to become impaired. 

The regulatory agencies have expanded their evaluation of attainment of water quality standards to 
include consideration of contaminant movement through water to or from other media, and in the coastal 
marine environment of the harbors "other media" includes sediment and biota. The California Water 
Quality Control Plan, Los Angeles Region (Basin Plan), sets standards for surface waters, sediments, and 
tissues (where relevant). These standards are comprised of designated beneficial uses and the numeric 
and narrative objectives necessary to support those beneficial uses. 

2.1.2 Listing Procedures 

Water quality listing criteria are used as a measure to define whether a water body is in exceedance for 
specific pollutants in one or more of the media. The criteria are based upon the concentrations of the 
various pollutants that are expected to cause impacts to water quality. A water body becomes Section 
303(d) listed for a pollutant if a specific percentage of all the samples exceed the listing criteria. 
According to the State Water Resources Control Board (SWRCB), if approximately 15% of the samples 
in any medium exceed the listing criteria for that medium, the whole water body is listed for that pollutant 
(SWRCB, 2004; Table 1). 

TMDL-specific numeric targets are set for each medium at levels that will ensure the water body will 
meet the water quality necessary to support all beneficial uses. Note that there are no impairments listed 
for the Los Angeles/Long Beach Harbor based on water column chemistry; all 303(d) listings in the 
harbor are based upon sediment chemistry, fish tissue, and benthic organisms. 

At this point, the Los Angeles Harborllnner Cabrillo Beach Bacteria TMDLs, the Los Angeles River 
Metals TMDLs, and the Machado Lake Nutrients TMDLs have been completed by the State of California 
and approved by EPA. The Los Angeles River Bacteria TMDLs have not been completed nor approved 
by the SWRCB; they are still in development and the public review draft is scheduled for early 2010. The 
Dominguez Channel and greater Los Angeles/Long Beach Harbor Toxics TMDLs are still in 
development; the public review draft is scheduled for 2009. 
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Table 1. Minimum number of measured exceedances needed to place a water segment on the Section 
303(d) list for toxicants (reproduced from SWRCB 2004, Table 3.1) 

Sample Size List if the Number of 

From To 
Exceedances is Equal 
or is Greater Than 

2 

21 24 2 
25 36 3 
37 47 4 
48 59 5 
60 71 6 
72 82 7 
83 94 8 
95 106 9 
107 117 10 
118 129 11 

1 Recommended minimum sample size is 16. 
2 Compared to Listing Criteria. 

Listings are based on all available data and the listing criteria recommend a minimum number of samples 
needed to support a listing. The spatial extent of area evaluated used to support the listing is not 
considered. For example, all samples with exceedances could be in a small area within a larger 
waterbody. 

2.1.3 De-listing Procedure 

The process for removing a waterbody from the §303(d) List in California is summarized in the Water 
Quality Control Policy for Developing California's Clean Water Act §303(d) List (SWRCB, 2004). 
Listing criteria are used to list a pollutant on the§303(d) list and the attainment of "numeric targets" are 
used to de-list a pollutant. Segments can also be de-listed by demonstrating inappropriate information was 
used to list specific pollutants in the waterbody. For example, data contained errors or data were 
insufficient quantity or quality. Prior to 2004, the Regional Water Quality Control Boards (RWQCB) did 
not commonly evaluate numeric information using statistical procedures in making §303(d) listing 
decisions. For the 2004-2006 list development, the SWRCB established a state-wide policy governing 
how listing decisions were to be made (SWRCB, 2004). The California §303(d) listing policy (Policy) 
requires that the RWQCBs base §303(d) recommendations on valid statistical procedures for analysis of 
numeric water quality data. Procedures were presented in the Policy for establishing hypotheses to be 
tested, sampling design, numeric analyses, and statistical testing. By establishing better-defined criteria, 
the Policy was established to increase confidence in §303(d) decision making, allow quantification of the 
level of assurance (i.e., that decisions are correct), and follow standard scientific protocols for decision
making based on numeric information. 
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Table 2. Maximum Number of Measured Exceedances Allowable to Remove a Water Segment from the 
§303(d) List (reproduced from SWRCB 2004, Table 4.2) 

Sample Size Maximum number of 

From To 
exceedances allowable 

for de-listing 
261 30 4 
31 36 5 
37 42 6 
43 48 7 
49 54 8 
55 60 9 
61 66 10 
67 72 11 
73 78 12 
79 84 13 
85 91 14 
92 97 15 
98 103 16 
104 109 17 
110 115 18 
116 121 19 

1 The minimum sample size for de-listing consideration identified by the SWRCB (2004) is 26. 

2.1.4 Water Quality Standards for Sediment 

This section includes a discussion of sediment chemistry, sediment toxicity, and benthic community 
effects used to develop TMDLs. Assessments of contaminant related impacts in marine environments 
often include chemical, toxicological, and biological evaluations in order to determine contaminant
related impacts by determining if (1) contaminants are present within the sediment, (2) the sediment is 
toxic, and (3) the benthic community has been impacted by contaminants by examining alterations in the 
community structure. Therefore, sediment quality can be defined by this triad of indicators; chemistry, 
toxicity, and benthic community. When listings are generated based on contaminant concentrations, there 
are often listings for toxicity and benthic community effects. 

2.1.4.1 Sediment Chemistry Standards 

At the present time, there are no promulgated sediment standards. However, the SWRCB is developing 
Sediment Quality Objectives (SQOs) to characterize sediments in enclosed bays and estuaries that will 
likely be incorporated into listing policy. Phase I (direct effects) SQOs have been approved by the State 
Board and Office of Administrative Law and are currently being reviewed by the EPA. Once approved, 
the SQOs will be sent to RWQCBs for incorporation into Basin Plans. The Phase I SQOs are based on a 
multiple-lines-of-evidence approach in which the lines of evidence are sediment toxicity, sediment 
chemistry, and benthic community condition. In the absence of promulgated standards, sediment quality 
is evaluated by comparing concentrations found in the sediments to published benchmark values, such as 
the 303(d) listing criteria presented in Table 3. 
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Table 3. Marine Sediment Quality 303(d) Listing Guidelines 

Analyte Listing Criterion Numeric Targets Units 

Cadmium 4.21 1.2 ppm 

Copper 270 34 ppm 

Chromium 370 not established ppm 

Lead 112.18 46.7 ppm 

Silver 1.77 1 ppm 

Zinc 410 150 ppm 

Mercury 2.61 0.15 ppm 

Chlordane 6 0.5 ppb 

Dieldrin 8 not established ppb 

Total DDT 590 1.58 ppb 

Total PCBs 400 22.7 ppb 

TotalPAHs 180000 4022 ppb 

Total HMW P AHs not established 1700 ppb 

Total LMW P AHs 1442 not established ppb 

Benza[ a] anthracene 692.53 261 ppb 

2-methyl-napthalene 201.28 not established ppb 

Benzo[a]pyrene 763.22 430 ppb 

Chrysene not established 384 ppb 

Dibenz[ a, h] anthracene not established 260 ppb 

Phenanthrene 543.53 240 ppb 

Pyrene not established 665 ppb 

Toxaphene not established 10 ppb 

Source: Table adapted from the Functional Equivalent Document [SWRCB and Cal EPA, 2004 
Table 12] and the Draft Problem Statement [LA RWQCB and USEPA Region IX, 2008, Table 
3-2]) 

Unit equivelents: ug/g = ppm; ng/g = ppb 

May 2009 

Current TMDL guidance uses several different sediment quality guidelines as threshold values for 
sediment related impacts. For many of the "listing criteria" values, Effects Range-Median (ER-M) values 
and Probable Effects Levels (PELs) are used, while many of the numeric targets are Effects Range-Low 
(ER-L) values. Recently, State Sediment Quality Objectives have been developed using the weight of 
evidence approach by the integration of sediment toxicity, chemistry, and benthic health. Other tools, 
such as sediment toxicity identification evaluations (TIEs) are available to demonstrate causal 
relationships between the benthic community and contaminants of concern. It is anticipated that these 
tools will be used in the listing and delisting procedures in the near future. 
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2.1.4.2 Sediment Toxicity Standards 

May 2009 

The Basin Plan includes a narrative toxICIty objective which states, in part: "All Waters shall be 
maintained free of toxic substances in concentrations that are toxic to, or that produce detrimental 
physiological responses in, human, plant, animal, or aquatic life." Toxic substances, like those listed in 
the table above, will elicit toxic responses in test organisms if the concentrations are elevated enough to 
interfere with cellular processes, the whole organism, or population. 

To determine if toxic substances are at concentrations in sediment that produce detrimental physiological 
responses to benthic organisms, sediment toxicity tests are conducted. Toxicity is measured by exposing 
standardized organisms to test sediments for specified times, following prescriptive procedures detailed in 
testing protocols. Toxicity is observed when there is an adverse effect or decrease in survival of an 
organism after exposure to the test sediments. A numeric sediment toxicity target of no observable 
sediment toxicity has been established (LA RWQCB, 1995). Sediment toxicity is observed when 
standardized tests result in: 1) a statistically significant difference (p < 0.05) in mean organism response 
(e.g., percent survival) between a sample and the control, and 2) the mean organism response in the 
toxicity test is less than 90 % survival. 

2.1.4.3 Sediment Benthic Standards 

Patterns of distribution of benthic species are used to determine if toxic substances are at concentrations 
in sediment that affect the community structure. Benthic organisms are considered good indicators of 
sediment quality because these organisms live within the sediments where they are directly exposed to 
contaminants through ingestion, burrowing, and respiration. These organisms are often the base of food 
chains and are therefore considered important to ecosystem health. Benthic community impacts are 
determined by examining the types of organisms that are living in the sediment. For example, the number 
of species, the presence of pollution-tolerant organisms, and the absence of pollution sensitive organisms 
are indicators of poor benthic health. 

2.1.5 Current Pollutant 303(d) Listings and TMDLs 

Specific water bodies within the Ports' jurisdiction were identified as impaired for several pollutants on 
the most recent (2006) California Section 303(d) list (LA RWQCB, 2007). The list for the Dominguez 
Channel estuary and Los Angeles/Long Beach Harbor waters is the basis of the TMDLs. Recently, the 
LA RWQCB and EPA developed a draft TMDL problem statement (LA RWQCB and EPA Region IX, 
2008) which incorporates some newer data and recommends additions and deletions to the original list; 
the modified list is provided in Table 4. TMDLs will be developed for 303(d) listed and new impairment 
findings, unless the problem statement provides conclusions of non-impairment for specific waterbody
pollutant combinations. The Ports assume that the 303(d) List will be modified to reflect the problem 
statement. 
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Table 4.2006 Section 303(d) List of Water Quality Limited Segments Requiring Pollutant
Specific TMDLs 

Water Body 
Pollutants Requiring TMDL Other 
(Sediment and/or Tissue) Impairments 

Tissue: DDT and PCBs 
Los AngeleslLong Beach Benthic 
Inner Harbor Sediment: Copper, Zinc, Lead, Benzo(a)pyrene, community effects 

Chrysene 

Los AngeleslLong Beach 
Tissue: DDT and PCBs Toxicity 

Outer Harbor 

Los Angeles Harbor -
Tissue: DDT and PCBs None 

Inner Cabrillo Beach 

Los Angeles Harbor - Tissue: DDT and PCBs 
None 

Cabrillo Marina Sediment: Benzo(a)pyrene, Pyrene, Chlordane 

Tissue: DDT and PCBs 

Los Angeles Harbor - Sediment: Copper, Lead, Zinc, Chlordane, Total 

Fish Harbor 
DDT, Total PCBs, Benzo[a]pyrene, Phenanthrene, Toxicity 

Benza[a]anthracene, Chrysene, Pyrene, 
Dibenz[ a,h] anthracene, 

Tissues: Chlordane, Dieldrin, DDT, PCBs, 
toxaphene 

Los Angeles Harbor - Sediment: Cadmium, Copper, Chromium, Lead, Toxicity, benthic 

Consolidated Slip 
Zinc, Mercury, Chlordane, Total DDT, Total PCBs, community effects 
Benzo[a]pyrene,2-methyl-napthalene, 
Phenanthrene, Benza[a]anthracene, Chrysene, 
Pyrene 

Source: LA RWQC and EPA Region IX, 2008 and Personal Communication Peter Kozelka April 2009 

2.1.5.1 The General Condition of Sediment Quality within the Ports 

May 2009 

Activities in San Pedro Bay associated with port land uses, on-water discharges, and watershed influences 
have all contributed to historical and current sediment contamination. In recent decades, CW A 
requirements, dredging and removal of contaminated sediments, implementation of port water and 
sediment quality programs and studies, and port participation in key regulatory programs have resulted in 
a substantial improvement in sediment quality. However, most areas within Los Angeles/Long Beach 
Harbor are listed under CWA Section 303( d) for sediment pollutants. 

The overall quality of sediments within Los AngeleslLong Beach Harbor varies widely. Sediments with 
contaminant concentrations above relevant TMDL listing criteria are often localized in back channels 
(e.g., Fish Harbor), along wharf faces, and near storm water outfalls (e.g., Consolidated Slip; Figure 2). 
Contaminant concentrations in newly developed areas and open channel areas are typically below the 
listing criteria. Open-water areas, such as Cabrillo Beach and the Outer Harbor, are typically well below 
listing criteria. The benthic community and sediment toxicity assessments have also yielded widely varied 
findings that have been found to depend to a considerable degree on the analyses or test species used. 
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Current Condition 
This description of current conditions in the harbors summarizes some of the general parameters and 
provides additional detail on the pollutants for which the harbors are listed as impaired. As previously 
mentioned, the harbors are listed on the basis of sediment and tissue concentrations. Currently, sediment 
conditions, including chemical contaminant concentrations, benthic community health and toxicity, are 
driving the TMDL development. 

Sediment quality in the Los Angeles/Long Beach Harbor complex has been documented by numerous 
focused studies and monitoring efforts over the past four decades. Sediment samples have been collected 
for a variety of reasons, including dredge material characterization, regional monitoring, and hot spot 
delineation. Depending on the purpose of the study, very different scientific approaches have been used. 
The two major sampling strategies are 1) randomized sampling, generally used in regional monitoring and 
waterbody characterization, and 2) non-randomized sampling, typically used for dredge material and hot 
spot characterization. Both strategies can collect either surficial sediments alone at each station or a series 
of samples to establish a depth profile of sediment chemistry, but it is typical of regional programs to 
collect surface samples and of dredge and hot spot sampling to collect depth profiles. Both of these 
methods have been used in studies of the Los Angeles/Long Beach Harbors, as described more fully 
below. 

As is consistent with the TMDL and SQO efforts undertaken by the agencies, only surface sediment 
chemistry is used to describe sediment quality in Los AngeleslLong Beach Harbor. Unlike subsurface 
sediment, surface sediment has the potential to contribute to the concentrations of pollutants in the water 
column and is likely to be bioavailable to benthic organisms that inhabit this biologically active layer. 
Sediment data collected in support of dredging programs is not relevant to current conditions because the 
sediments are usually removed; accordingly, sediment data on completed dredging programs is not 
included in this assessment. 

2.1.5.2 Sediment Chemistry Maps 

Maps displaying sediment chemistry data categorized by numeric target and listing criteria for each 
contaminant of concern have been developed. Two sets of maps based on different data sets have been 
created. The first set of maps, Figure 2 through Figure 11, summarize both randomized and site specific 
sediment chemistry data that reflect current conditions within the harbors (see Section 1.3). The second 
set of maps, Figure 12 through Figure 21, summarizes only the randomized chemistry data. 

Randomized and Site Specific Sediment Chemistry Maps 
Data presented in Figure 2 through Figure 11 presents all data determined to be reflective of current 
conditions. These data include: 

• Randomized Studies: The 1998 and 2003 Bight Programs (SCCWRP, 2003, 2007), 2006 Port 
TMDL study (WESTON, 2007a), EPA's Western Environmental Monitoring and Assessment 

Program (WEMAP, 1999), and EPA's Environmental Monitoring and Assessment Program 
(EMAP, 2005). 

• Data Gap Study: A harbor-wide study was conducted in support ofthe WRAP in order to identify 
data gaps (WESTON, 2008). 

• Other Studies: Data collected in both Ports as part of the Bay Protection and Toxic Cleanup 
Program (BPTCP, 2008) and a SCCWRP study called PV88 (Anderson et aI., 1988). 
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• "Hot Spot" Characterizations: "Hot spot" characterization studies require a large number of 

sediment samples in a targeted area in order to clearly define the magnitude and extent of 

contamination. In POLA, these studies include sediment characterization evaluations within the 

vicinity ofFish Harbor, Dominguez Channel, yacht harbors, and boat maintenance facilities, 

(WESTON, 2005, 2006c, 2007c-h). ). In POLB, these studies include the Long Beach Naval 

Station Feasibility Study (Bechtel, 2003) and the Installation Restoration Site 7 Sediment 

Characterization Study (WESTON, 2007b). 

The following summary of the contaminants by class in Los Angeles/Long Beach Harbor sediments is 
based upon both randomized and site specific sediment chemistry, as presented in Figure 2 through Figure 
11. 

Metals 
Copper, lead, mercury, and zinc (Figure 2 through Figure 5) are metals of concern within the harbors, 
several areas of which are listed as impaired for all four metals (Table 4). These metals are often elevated 
in localized areas related to specific activities, such as marinas and boat repair yards (e.g. Figure 2 
illustrates elevated copper in localized areas). During sediment characterization studies conducted in 
these localized areas, concentrations of copper and mercury greater than the regulatory limits or total 
threshold limit concentration (TTLC) have been measured in surface sediment in Los Angeles Harbor, 
and concentrations greater than the effects-range median (ER-M) sediment quality guideline have been 
measured in the Long Beach West Basin. Lead and zinc (Figure 3 and Figure 5) were present at 
concentrations exceeding the 303(d) listing criteria. However, only one sample out of over 100 analyzed, 
exceeded the 303 (d) listing criteria for both lead and zinc. Los Angeles/Long Beach Harbor is not listed 
for silver (Figure 6), but that metal is widespread throughout the inner and outer harbors at concentrations 
that exceed the listing criterion. 

Silver 
Based on five data points in the Outer Harbor, silver may be considered for §303(d) listing in the Los 
Angeles/Long Beach Outer Harbor; however, these data are not consistent with all other data collected in 
the Outer Harbor waterbody and should not be used alone to determine potential for listing. The five 
samples found to be elevated in silver in Outer Harbor sediment are all from one study (Bight '98 
[SCCWRP, 2003]), conducted during one year (1998), and analyzed by one analytical laboratory. This 
data set is the oldest data included in this evaluation. All other data collected after 1998, from four studies 
in which Outer Harbor sediment was assessed, demonstrate that silver concentrations are below the listing 
criteria. The methods and detection limits are different in the Bight '98 Outer Harbor data set than in the 
other studies. The method used in the Bight '98 Outer Harbor data set to detect and quantify silver 
(graphite furnace atomic absorption [GFAA]) was different than in the other Outer Harbor studies 
(inductively coupled plasma mass spectrometry [ICPMS]). Method detection limits (MDLs) for the Bight 
'98 samples were higher (MDL = 0.2 ppm) than all other studies conducted (MDL = 0.008 - 0.04 ppm)]. 
Differences in MDLs are directly related to the sensitivity of the method (and associated instrument) used 
to detect and quantify an analyte. This indicates that the samples analyzed in Outer Harbor as part of the 
Bight '98 program had a lower sensitivity (i.e., detection limits for silver were 5 to 25 times higher) than 
those laboratories used to quantify silver for other studies conducted since 1998 (WEMAP, 1999; Bight 
'03 [SCCWRP, 2007]; WESTON, 2005, 2006, 2007 [numerous studies]). All other data from the four 
studies in which Outer Harbor sediment was assessed (lCPMS) demonstrate that silver concentrations are 
relatively low. Furthermore, silver data from 14 different studies over the last 10 years indicate relatively 
low concentrations of silver in Los Angeles/Long Beach Harbors area. 

1 MDL data was not available for all projects in the Contaminated Sediment Task Force (CSTF, 2003) database 
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Organics 

May 2009 

Of a number of the organic compounds on the 303(d) list, only chlordane, DDT, and PCBs (Figure 7 
through Figure 9) are widespread at concentrations above the numeric target. However, specific P AHs, 
including total LMW PAHs, benzo[a]anthracene (Figure 10), and phenanthrene (Figure 11), are present in 
a few locations at concentrations that exceed both the numeric targets and the listing criteria. According 
to WESTON (2009), chlordane is often elevated near storm drain outfalls, and chlordane, DDTs, and 
PCBs are significantly elevated in POLA's Consolidated Slip as a result of storm runoff from Dominguez 
Channel. DDTs and PCBs are persistent contaminants of concern that are elevated in sediments 
throughout the harbors. Concentrations of DDTs, PCBs, and PAHs commonly exceed ER-M levels, 
especially in slips as opposed to more open waters. 

Because TBT is a component of many boat anti-fouling bottom paints, elevated concentrations are often 
found in areas related to specific activities such as marinas and boat repair facilities. During sediment 
characterization studies conducted in the vicinity of boatyards and marinas, concentrations above the 
TTLC have been measured in surface sediments. There are no numeric targets or listing criteria for TBT. 
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Figure 3. Los Angles/Long Beach Harbors surface sediment site specific and monitoring lead data compared to relevant TMDL criteria 
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Figure 4. Los Angles/Long Beach Harbors surface sediment site specific and monitoring mercury data compared to relevant TMDL criteria 
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Figure 5. Los Angles/Long Beach Harbors surface sediment site specific and monitoring zinc data compared to relevant TMDL criteria 
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Figure 6. Los Angles/Long Beach Harbors surface sediment site specific and monitoring silver data compared to relevant TMDL criteria 
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Figure 7. Los AngleslLong Beach Harbors surface sediment site specific and monitoring chlordane data compared to relevant TMDL 
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Figure 8. Los Angles/Long Beach Harbors surface sediment site specific and monitoring DDT data compared to relevant TMDL criteria 
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Figure 9. Los Angles/Long Beach Harbors surface sediment site specific and monitoring PCB data compared to relevant TMDL criteria 
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Figure 10. Los Angles/Long Beach Harbors surface sediment site specific and monitoring benza[a]anthracene data compared to relevant 
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Figure 11. Los Angles/Long Beach Harbors surface sediment site specific and monitoring phenanthrene data compared to relevant TMDL 
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SUMMARY OF SEDIMENT QUALITY CONDITIONS IN 
THE PORT OF LONG BEACH May 2009 

Randomized Sediment Chemistry Maps 
The data displayed in Figure 2 through Figure 11 illustrate the presence of several hot spots. It is these 
hotspots that are driving the TMDL development and will be key to future TMDL implementation 
strategies. In order to understand what conditions are likely to be once localized areas of concern are 
addressed, it is useful to examine data from randomized studies. Data presented in Figure 12 through 
Figure 21 present data collected using randomized study designs developed to characterize the harbors or 
waterbodies as a whole. These data include: 

• Randomized Studies: The 1998 and 2003 Bight Programs (SCCWRP, 2003, 2007), 2006 Port 

TMDL study (WESTON, 2007a), EPA's Western Environmental Monitoring and Assessment 
Program (WEMAP, 1999), and EPA's Environmental Monitoring and Assessment Program 

(EMAP, 2005). 

The five randomized studies discussed above provide good spatial coverage for characterizing existing 
general conditions (Figure 12 through Figure 21). These data indicate that, aside from localized hot spots, 
overall chemical concentrations in sediments are generally below TMDL listing criteria. 

WESTON Solutions, Inc. 24 

NWMAR 118457 
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Figure 12. Los Angles/Long Beach Harbors surface sediment monitoring (randomized studies) copper data compared to relevant TMDL 
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Figure 13. Los AngleslLong Beach Harbors surface sediment monitoring (randomized studies) lead data compared to relevant TMDL 
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Figure 14. Los Angles/Long Beach Harbors surface sediment monitoring (randomized studies) mercury data compared to relevant TMDL 
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Figure 15. Los AngleslLong Beach Harbors surface sediment monitoring (randomized studies) zinc data compared to relevant TMDL 
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Figure 16. Los AngleslLong Beach Harbors surface sediment monitoring (randomized studies) silver data compared to relevant TMDL 
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Figure 17. Los Angles/Long Beach Harbors surface sediment monitoring (randomized studies) chlordane data compared to relevant TMDL 

~~ 
t'!i~ 
~~ 
""'3"<:1 

~~ 
t-<~ 
~~ 
~~ 
~t'!i 
~~ 
~~ 

~ 
~ 

~ 

ti2 
t: 
~ 
(J 

~ 
~ 
~ 
~ 
'-':l 

~ 



z 
~ 
~ » 
:::0 
.....lo. 

.....lo. 

CX> 
..j:::.. 
(j) 
..j:::.. 

~ 
~ 
~ 
~ 
;: ..... 
§" 
~'" ;:-
!"" 

~ ..... 
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Figure 18. Los AngleslLong Beach Harbors surface sediment monitoring (randomized studies) DDT data compared to relevant TMDL 
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Figure 19. Los Angles/Long Beach Harbors surface sediment monitoring (randomized studies) PCB data compared to relevant TMDL 

~~ 
t'!i~ 
~~ 
"'"'3"'<:1 

~~ 
t-<~ 
~~ 
~~ 
~t'!i 
~~ 
~~ 

~ 
~ 

~ 

ti2 
t: 
~ 
(J 

~ 
~ 
~ 
~ 
'-":l 

~ 



z 
~ 
~ » 
:::0 
.....lo. 

.....lo. 

CX> 
..j:::.. 
(j) 
(j) 

~ 
~ 
~ 
~ 
;: ..... 
§" 
~'" ;:-
!"" 

~ 
~ 

Benza[ajanthracene 
Numeric Target = 261 ng/g 
Listing Criteria = 692.53 nglg 

Benza[a]anthracene (nglg) 
o 0 to <~ Numeric Target (Nn 
o ~ NTlo <NT 
o NT to <2x NT 
o 2x NT to < 4x NT 
o 4x NT to < 8x NT 
• 2: 8x NT 

® Exceeds Listing Criteria 
(Shown as overlay on above symbols) 

Note: Dala ShovJn are- 'rom POl.A.IPOl.B TMOl mootrN"'1l 
s.uppOl'1 5tU~. EMAP 2005, Sight 1WS & 2003, Bnd 
IA'EMAP 1999, Sed.rnenl chemistry ~iIII eol1ec1ed prior II) 
dredgino. fill ,,,r OIIh~1 re-~~iof l ~oJecl'S(l le nollnclu4ed. 

~~~/~ 

Figure 20. Los AngleslLong Beach Harbors surface sediment monitoring (randomized studies) benza[a]anthracene data compared to 

~~ 
t'!i~ 
~~ 
'""'3"'<:1 

~~ 
t-<~ 
~~ 
~~ 
~t'!i 
~~ 
~~ 

~ 
~ 

~ 

ti2 
t: 
~ 
(J 

~ 
~ 
~ 
~ 
'-":l 

~ 



z 
~ 
~ » 
:::0 
.....lo. 

.....lo. 

CX> 
..j:::.. 
(j) 
-.....,J 

~ 
~ 
~ 
~ 
;: ..... 
§" 
~'" ;:-
!'" 

~ ... 

Phenanthrene Numeric Target = 240 nglg 
Listing Criteria = 543.53 nglg 

Phenanthrene (ng/g) 
o 0 to <Y2 Numeric Target (NT) 
o Y2 NTto <NT 
o NTto <2x NT 
o 2x NT to < 4x NT 
o 4x NTto < 8x NT 
• ~8x NT 

<!J Exceeds Listing Criteria 
(Shown as overlay on above symbo ls) 

No1e : Dale I!Ihc:wm B rB (rem Pct.AJP(1S lMOl modeling 
w pport ~udy, EMAP 2005, Bighl1998 6 2003, !;lntl 'A'EMAP 
1999. ~ ... im&r: Sodlmonl c:hOn'l l'!ii lry ~l4II col Q(:lea PflOI to 
dRxIglr.g, r • . QIr other tomodiatlotl projccl~ oro nOllncluded. 

~~l·~ 

Figure 21. Los Angles/Long Beach Harbors surface sediment monitoring (randomized studies) phenanthrene data compared to relevant 

~~ 
t'!i~ 
~~ 
"'""3"'<:1 

~~ 
t-<~ 
~~ 
~~ 
~t'!i 
~~ 
~~ 

~ 
~ 

~ 

ti2 
t: 
~ 
(J 

~ 
~ 
~ 
~ 
'-':l 

~ 



SUMMARY OF SEDIMENT QUALITY CONDITIONS IN 
THE PORT OF LONG BEACH 

Sediment Toxicity 
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As previously discussed, assessments of contaminant-related impacts in marine environments often 
include chemical, toxicological, and biological evaluations in order to determine contaminant-related 
impacts. Sediment toxicity has been observed in Consolidated Slip, Los Angeles/Long Beach Inner and 
Outer Harbors, and Fish Harbor. Amphipod mortality, marine invertebrate developmental toxicity, and 
impaired dinoflagellate growth are effects that have been previously measured in sediment or interstitial 
water toxicity tests in association with elevated concentrations of sediment metals, or legacy contaminants 
collected from localized areas of Los Angeles/Long Beach Harbors. 

Benthic Community 
Benthic community evaluations have found the benthic community in specific locations within the Los 
Angeles/Long Beach Harbors to exhibit adverse effects such as altered community structure (infauna 
population and species composition). Consolidated Slip and Inner Harbor are 303(d)-listed for degraded 
benthic communities. As with chemistry data, recent benthic assessments (e.g., MEC 2002, SAIC in 
prep.) indicate that the benthic community may not be as degraded throughout the harbor as previously 
thought. As with the sediment chemistry data, degraded impacted benthos appear to be largely confined to 
localized areas in back channels and along wharf faces, where the physical and chemical environment 
may be adversely affecting benthic communities. 

Conclusion 
Recent studies have shown that a number of localized areas of poor sediment quality and impaired benthic 
community still exist (e.g., Consolidated Slip, Long Beach West Basin, Fish Harbor, Inner Harbor slips). 
It is those hotspots that are driving the TMDL development and will be key to future TMDL 
implementation strategies. A suite of randomized-sampling studies has shown that in most of the harbors 
contaminant concentrations are below regulatory limits and require no action. The evaluation summarized 
in this section characterizes sediment quality harbor-wide and places hotspots in their limited spatial 
context. This approach allows resources to be focused on feasible solutions for hotspot remediation. 
Furthermore, this approach distinguishes between hotspots, which require focused efforts, and waterbody
wide issues that require regional approaches. 
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The purpose of this section was to describe the surface sediment condition in small, localized areas of LB 
Harbor, as assessed by targeted sampling programs such as the Bay Protection and Toxic Cleanup 
Program (BPTCP), conducted to characterize and delineate the spatial extent of potential contamination in 
sediment from localized areas of LB Harbor. The studies included in this section encompass surficial 
sediment chemistry data associated with 65 stations sampled as part of sediment characterization studies 
including the BPTCP (BPTCP, 2008), conducted from 1992-1997, and studies conducted on behalf of the 
U.S. Navy (Long Beach Naval Station Feasibility Study in 1998 [Bechtel, 2003]) and POLB (WESTON, 
2007b). Data collected from large monitoring programs in which samples were randomly collected, 
including Southern California Bight Monitoring Conducted in 1994, 1998 and 2003 (Southern California 
Water Resources Project (SCCWRP), 1996; 2003; 2007), 2006 Port TMDL Support Study (WESTON, 
2007a), Western Environmental Monitoring and Assessment Program (WEMAP, 1999), and 
Environmental Monitoring and Assessment Program (EMAP, 2005), were not included in this section. 
Data from these large monitoring programs are statistically valid and relevant for listing and delisting of 
TMDLs and therefore are presented above in Section 2.1. All references associated with the data 
summarized in this section are provided in the reference section below (Section 3.0). 

As described in Section 1.3 sediment chemistry data collected in areas where dredging, jill, or 
remediation activities has since occurred was not included in this data set because it no longer represents 
the current surjicial sediment condition in LB Harbor. Figure 22 depicts the locations of stations 
evaluated as part of this section, after samples collected from areas where dredging, fill, or remediation 
occurred were eliminated. 

Only surface sediment chemistry is summarized here because unlike subsurface sediment, surface 
sediment has significant potential to contribute to the concentrations of pollutants in the water column and 
is likely to be bioavailable to benthic organisms that inhabit this biologically active layer. The definition 
of surface sediment was project/program specific and therefore was defined as sediment collected within 
the top 30 cm (12 in). Due to the large number of chemicals and studies evaluated here, it was necessary 
to focus this review on specific chemicals of concern. Heavy metals (arsenic, cadmium, chromium, 
copper, lead, mercury, nickel, zinc), and at least one representative analyte of each of the major chemical 
classes analyzed in these investigations (i.e., total detectable PAHs, total detectable PCBs, total detectable 
dichloro diphenyl trichloroethanes [DDTs], total chlordane, and tributyltin [TBT]) are summarized as part 
of this review. All chemistry data were associated with actual sampling coordinates and is presented on 
maps below. The analyte list varied by program and sampling location and as a consequence, the number 
of data points varied by constituent. 
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Figure 22. Locations of 63 Stations Associated with Sediment Chemical Characterization Studies 
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Surface sediment chemistry data were compared to effects range-low (ER-L) and effects range-median 
(ER-M) values developed by Long et aI. (1995) and total threshold limit concentrations (TTLCs), where 
applicable. The effects range values are helpful in assessing the potential significance of elevated 
sediment-associated contaminants of concern, in conjunction with biological analyses. Briefly, these 
values were developed from a large data set where results of both benthic organism effects (e.g., toxicity 
tests, benthic community effects) and chemical analysis were available for individual samples. To derive 
these guidelines, the chemical values for paired data demonstrating benthic impairment were sorted in 
according to ascending chemical concentration. The ER-L was then calculated as the lower tenth 
percentile of the observed effects concentrations and the ER-M as the 50th percentile of the observed 
effects concentrations. While these values are useful for identifying elevated sediment-associated 
contaminants, they should not be used to infer causality because of the inherent variability and uncertainty 
of the approach. The ER-L and ER-M sediment quality values are used in conjunction with bioassay 
testing and are included for comparative purposes only. TTLCs indicate the level above which material 
must be managed as hazardous waste upon removal, in accordance with Title 22 of the California Code of 
Regulations (CCR). 

With the exception of TBT and P AHs, all other heavy metals and organic chemical concentrations are 
presented in the maps within this section by the following categories: 1) non-detect (ND), 2) ND to ER-L 
value, 3) ER-L to ER-M values, 4) ER-M value to TTLC, and 5»TTLC. Because there is no TTLC for 
total PAHs, the following categories were used to map concentrations of total PAHs: 1) ND, 2) ND to 
ER-L value, 3) ER-L to ER-M values, 4) ER-M value to 2X ER-M value, and 5) >2X ER-M value. For 
TBT, there are no ER-L, ER-M, or TTLC values for comparison; therefore, concentrations were 
compared to the lowest observable effects concentration (LOEC) for benthic community effects (480 
Ilg/kg) and the LOEC for acute toxicity (2,980 Ilg/kg), based on previous studies of these effects. 
Specifically, to establish the LOEC concentrations for community structure changes (i.e. sublethal 
effects) the LOECs from previous studies that measured benthic community structure changes were 
averaged (Austen and McEvoy, 1997; McGee et aI., 1995). To establish the LOEC concentrations for 
acute toxicity (i.e. mortality) the LOECs from previous studies that measured acute toxicity were 
averaged (McGee et aI., 1995; Meador et aI., 1997; Stronkhorst et aI., 1999). 

2.2.1 Heavy Metals 

2.2.1.1 Arsenic 

Concentrations of arsenic in surface sediment from all characterization studies ranged from 3.80 to 30.0 
mg/kg (Table 5, Figure 23). All concentrations of arsenic were below the ER-M value (70 mg/kg). As 
shown in Figure 23, only four of the 62 stations in which arsenic was measured demonstrated surficial 
sediment concentrations that were below the ER-L value (8.2 mg/kg). 
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Table 5. The Range of Concentrations and Total Exceedances of Sediment Quality Guidelines for Surface 
Sediment Collected as Part of Numerous Studies from LB Harbor (1992 - 2008) 

Sediment Quality Guidelines 
Analyte 

ER-M TTLC 
Sample Size 

Metals (mg/kg) 

Arsenic 70 500 62 

Cadmium 9.6 100 63 

ChromilUll 370 2,500 63 

Copper 270 2,500 63 

Lead 218 1,000 63 

Mercury 0.71 20 63 

Nickel 5l.6 2,000 62 

Zinc 410 5,000 63 

Organics (lJ.g/kg) 

Tributyltin 480* 2,980* 37 
PCBs 180 50,000 37 
PARs 44,792 - 23 
DDTs 46.1 1,000 37 
Chlordane 6 2,500 37 

~: The concentration exceeds the analyte's respective ER-M value. 
ND ~ non-detect 

Range Number of Number of 
ER-M TTLC 

Minimum Maximum Exceedances Exceedances 

3.80 30.0 0 0 

0.176 l.80 0 0 

19.2 126 0 0 

21.1 365 2 0 

10.1 449 2 0 

ND 4.70 12 0 

12.6 71.4 1 0 

53.9 746 1 0 

ND 353 0 0 

19.4 2,830 9 0 

311 10,697 0 -

ND 733 15 0 

ND 18.3 1 0 

* There are no ER-M or TILC values for TBT; therefore, TBT was compared to the LOEC for community structure changes (480 Ilg/kg) and the 
LOEC for acute toxicity (2,980 Ilg/kg). 
There is no TTLC for PARs; therefore, PARs were only compared to the ER-M. 
It should be noted that sediment chemistry data collected in areas where dredging, fill, or remediation activities has since occurred was not 
mcluded in this data set because it no longer represents the current surficial sediment condition in LB Harbor. 

2.2.1.2 Cadmium 

Concentrations of cadmium in surface sediment from all characterization studies ranged from 0.176 to 
1.80 mg/kg (Table 5, Figure 24). All concentrations of cadmium were below the ER-M value (9.6 mg/kg). 
As shown in Figure 24, the majority of the 63 stations in which cadmium was measured demonstrated 
surficial sediment concentrations that were also below the ER-L value (1.2 mg/kg). The only exceedances 
of the ER-L value were measured in surficial sediment from West Basin. 

2.2.1.3 Chromium 

Concentrations of chromium in surface sediment from all monitoring and characterization studies ranged 
from 19.2 to 126 mg/kg (Table 5, Figure 25). All concentrations were below the ER-M value (370 
mg/kg). As shown in Figure 25, the majority of the 63 stations in which chromium was measured 
demonstrated surficial sediment concentrations that were below the ER-L value (81 mg/kg). 

2.2.1.4 Copper 

Concentrations of copper in surface sediment from all characterization studies ranged from 21.1 to 365 
mg/kg (Table 5, Figure 26). Two stations exceeded the ER-M value (270 mg/kg). Both of these stations 
were located in the northeastern portion of West Basin (between Pier T, Pier Echo, and the former Pier 1). 
As shown in Figure 26, only three of the 63 stations in which copper was measured demonstrated surficial 
sediment concentrations that were below the ER-L value (34 mg/kg). 
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Concentrations of lead in surface sediment from all characterization studies ranged from 10.1 to 449 
mg/kg (Table 5, Figure 27). Two stations exceeded the ER-M value (218 mg/kg). Both of these stations 
were located in West Basin. As shown in Figure 27, the majority of stations in West Basin demonstrated 
surficial sediment concentrations that were above the ER-L value (46.7 mg/kg), whereas the majority of 
stations outside of West Basin demonstrated surficial sediment concentrations that were below the ER-L 
value. 

2.2.1.6 Mercury 

Concentrations of mercury in surface sediment from all characterization studies ranged from ND2 to 4.70 
mg/kg (Table 5, Figure 28). Twelve (12) stations exceeded the ER-M value (0.71 mg/kg). Numerous 
exceedances were measured in West Basin, one exceedance was measured in Channel 2, and one 
exceedance was measured near the Inner Harbor Turning Basin. As shown in Figure 28, only three of the 
63 stations in which mercury was measured demonstrated surficial sediment concentrations that were 
below the ER-L value (0.15 mg/kg). 

2.2.1.7 Nickel 

Concentrations of nickel in surface sediment from all characterization studies ranged from 12.6 to 71.4 
mg/kg (Table 5, Figure 29). Only one station exceeded the ER-M value (51.6 mg/kg). This station was 
located in the northeastern portion of West Basin (between Pier T, Pier Echo, and the former Pier 1). As 
shown in Figure 29, only three of the 62 stations in which nickel was measured demonstrated surficial 
sediment concentrations that were below the ER-L value (20.9 mg/kg). 

2.2.1.8 Zinc 

Concentrations of zinc in surface sediment from all characterization studies ranged from 53.9 to 746 
mg/kg (Table 5, Figure 30). Only one station exceeded the ER-M value (410 mg/kg). This station is 
located in the northeastern portion of West Basin (between Pier T, Pier Echo, and the former Pier 1). As 
shown in Figure 30, the majority of the 63 stations in which zinc was measured demonstrated surficial 
sediment concentrations that were below the ER-L value (150 mg/kg). 

2.2.2 Organic Chemicals 

2.2.2.1 Tributyltin (TET) 

Concentrations of TBT in surface sediment from all characterization studies ranged from ND to 353 
flg/kg (Table 5, Figure 31). For TBT, there are no ER-L, ER-M, or TILC values for comparison; 
therefore, concentrations were compared to the LOEC for benthic community effects (480 flg/kg; Austen 
and McEvoy, 1997; McGee et aI., 1995) and the LOEC for acute toxicity (2,980 flg/kg; McGee et aI., 
1995; Meador et aI., 1997; Stronkhorst et aI., 1999). Based on these values, and as shown in Figure 31, 
none of the 37 stations demonstrated surficial sediment concentrations that were above the LOEC for 
benthic community effects or above the LOEC for acute toxicity. 

2.2.2.2 Total Detectable PCEs 

Concentrations of total PCBs in surface sediment from all characterization studies ranged from 19.4 to 
2,830 flg/kg (Table 5, Figure 32). Nine (9) stations exceeded the ER-M value (180 flg/kg). The majority 
of these exceedances were measured in surface sediment from the southern portion of West Basin. As 

2 Detection limits for each metal or chemical of concern varied among studies so are reporting only as non-detect 
(ND) in this review. 
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shown in Figure 32, only four of the 37 stations in which total PCBs were measured demonstrated 
surficial sediment concentrations that were below the ER-L value (22.7 Ilg/kg). 

2.2.2.3 Total Detectable PAHs 

Concentrations of total P AHs in surface sediment from all characterization studies ranged from 311 to 
10,697 Ilg/kg (Table 5, Figure 33). All concentrations were below the ER-M value (44,792 Ilg/kg). As 
shown in Figure 33, all but one of the 23 stations in which total PAHs were measured demonstrated 
surficial sediment concentrations that were also below the ER-L value (4,022 mg/kg). The only 
exceedance of the ER-L value was measured in surface sediment from Channel 2. 

2.2.2.4 Total Detectable DDTs 

Concentrations of total DDTs in surface sediment from all characterization studies ranged from ND to 
733 Ilg/kg (Table 5, Figure 34). Fifteen (15) stations exceeded the ER-M value (46.1 mg/kg). As shown in 
Figure 34, only two of the 37 stations in which total DDTs were measured demonstrated surficial 
sediment concentrations that were below the ER-L value (1.58 Ilg/kg). 

2.2.2.5 Total Chlordane3 

Concentrations of total chlordane in surface sediment from all characterization studies ranged from ND to 
18.3 Ilg/kg (Table 5, Figure 35). Only one station exceeded the ER-M value (6 Ilg/kg). This station was 
located in Outer Harbor. As shown in Figure 35, 10 of the 37 stations in which chlordane was measured 
demonstrated surficial sediment concentrations that were above the ER-L value (0.5 Ilg/kg). All 
exceedances of the ER-L were measured in surface sediment outside of West Basin. 

3 Technical (total) chlordane is comprised of 20-30 compounds including 5 which are typically analyzed by labs: 
alpha and gamma chlordane, oxychlordane, cis and trans nonachlor. For an accurate comparison to ER-L and ER-M 
values, total chlordane should be calculated as the sum of these 5 commonly measured chlordane compounds. 
However, it should be noted that in many historical and recent studies total chlordane was calculated as alpha
chlordane or alpha and gamma chlordane (because these were the only chlordanes analyzed) and in other studies, it 
is not clear which chlordane compounds were used to calculate total chlordane. 
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Figure 23. Concentrations of Arsenic in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 24. Concentrations of Cadmium in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 25, Concentrations of Chromium in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 26. Concentrations of Copper in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 27. Concentrations of Lead in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 28. Concentrations of Mercury in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 29. Concentrations of Nickel in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 30. Concentrations of Zinc in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 31. Concentrations of Tributyltin in Surficial Sediment Samples Collected in LB Harbor from 
1992 - 2008 as Part of Sediment Characterization Studies 

WESTON Solutions, Inc. 50 

NWMAR 118483 



SUMMARY OF SEDIMENT QUALITY CONDITIONS IN 
THE PORT OF LONG BEACH 

Legend 
Tots.1 PCB5 IpgIkg) 

• lowe:sl (Bekm Delectlon Umlt) 

a Low {Detection lJmlt • 22. n 
o Mid (22.7·1801 

o High (180- 50,000) 

• Highest (>50,OOO} 

c=J Pon Of Long ~aeh JuhldlCbon Bounda.ry 

~ InstallaUon R"estor"Mion (IR) Site 7 

May 2009 

Figure 32. Concentrations of Total Detectable PCBs in Surficial Sediment Samples Collected in 
LB Harbor from 1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 33. Concentrations of Total Detectable PAHs in Surficial Sediment Samples Collected in 
LB Harbor from 1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 34. Concentrations of Total Detectable DDTs in Surficial Sediment Samples Collected in 
LB Harbor from 1992 - 2008 as Part of Sediment Characterization Studies 
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Figure 35. Concentrations of Chlordane in Surficial Sediment Samples Collected in LB Harbor from 
1992- 2008 as Part of Sediment Characterization Studies 

WESTON Solutions, Inc. 54 

NWMAR 118487 



SUMMARY OF SEDIMENT QUALITY CONDITIONS IN 
THE PORT OF LONG BEACH May 2009 

2.3 Primary Literature Review of Relevant Long Beach Harbor Sediment 
Studies 

In addition to reviewing all dredge-related/monitoring studies conducted in LB Harbor (i.e., the gray 
literature), a comprehensive review of the primary or peer-reviewed literature was also undertaken. This 
review involved searching for publications using the major scientific databases (e.g., Web of Science 
[1900 - present], Biosis Previews [1926 - present]) available to the public through the University of 
California and the California State University libraries and publications available through SCCWRP and 
government agencies such as the SWRCB. Papers found as part of this search fell into two categories: 1) 
those in which data evaluated was collected as part of large monitoring programs such as the BPTCP; or 
2) those in which there was relevant sediment chemical characterization or other related chemistry data. It 
should be noted that the primary literature is discussed separately from the monitoring study data 
presented above because we do not have access to raw data values or exact locations and can not be 
certain that rigorous quality assurance and quality control procedures were conducted. 

Six comprehensive peer-reviewed publications were identified as part of this review in which sediment 
conditions were measured in multiple sites in LA Harbor (Anderson et aI., 1988; Anderson et aI., 1998; 
Anderson et aI., 2001; Field et aI., 2002; Bay et aI., 2007; Barnett et aI., 2008). These publications are not 
discussed here because the data used in each of these publications was acquired from one of the major 
monitoring programs in California, and thus the data has already been described previously (Sections 2.1 
and 2.2). The major monitoring programs from which data are drawn include BPTCP (2008), WEMAP 
(1999), EMAP (2005), and Southern California Bight Monitoring (SCCWRP, 1996; 2003; 2007). The 
primary goals of these publications were to either present data collected as part of these monitoring efforts 
(Anderson et aI., 1988; Anderson et aI., 1998; Anderson et aI., 2001) or to examine linkages between 
sediment chemicals and toxicological effects or changes to the benthic community or an associated metric 
that indicates an effect (Field et aI., 2002; Bay et aI., 2007; Barnett et aI., 2008) using these large 
monitoring datasets. 

Aside from the large monitoring programs described above, there has been only one other comprehensive 
investigation in which sediment chemistry was evaluated in LB Harbor (Chen and Lu, 1974), though 
several sediment investigations have been conducted in LA Harbor. This sediment investigation was part 
of numerous studies characterizing geomorphology, physical properties, water quality, and biological 
integrity that were conducted in San Pedro Bay in the early 1970s and funded by California Sea Grant. In 
the sediment investigation study, surface sediment samples were collected from eleven stations in the LB 
Harbor District and assessed for trace metals, chlorinated pesticides, and PCBs. Concentrations of several 
priority metals (arsenic, cadmium, chromium, and lead) and dieldrin were within the range of 
concentrations measured as part of the large monitoring programs (Sections 2.1 and 2.2) and were below 
corresponding ER-M values (70, 9.6, 370, and 218 mg/kg, for metals, respectively, and 8.0 Ilg/kg for 
dieldrin). Nickel concentrations at one station exceeded the ER-M (51.6 mg/kg), but were otherwise in 
the range of concentrations measured as part of the large monitoring programs. At two or more stations, 
the concentrations of copper, mercury, zinc, total DDTs and total PCBs exceeded the corresponding ER
M values (Table 6), and some were elevated relative to the large monitoring studies. Because this study 
was conducted in 1973, well in advance of the monitoring studies, and given that the Clean Water Act 
was passed in 1972, the elevated concentrations of these chemicals are not unexpected. 

WESTON Solutions, Inc. 55 

NWMAR 118488 



SUMMARY OF SEDIMENT QUALITY CONDITIONS IN 
THE PORT OF LONG BEACH May 2009 

Table 6. The Range of Concentrations and Total Exceedances of Sediment Quality Guidelines for Surface 
Sediment Collected and Analyzed by Chen and Lu (1974) 

Sediment 
Regulatory 

Quality 
Analyte Guideline 

Level 

ER-M TTLC Minimum 

Metals (mg/kg) 

Arsenic 70 500 2.79 

Cadmium 9.6 100 l.13 

Chromium 370 2,500 36.7 

Copper 270 2,500 32.4 

Lead 218 1,000 45 

Mercury 0.71 20 0.079 

Nickel 5l.6 2,000 22.5 

Zinc 410 5,000 13.5 

Organics (Jlglkg) 

PCBs 180 50,000 63 

DDTs 46.1 1,000 60.9 

Dieldrin 6 2,500 ND 

IYellowl: The concentration exceeds the analyte's respective ER-M value. 
ND ~ non-detect 

Range 

Maximum 

28.8 

4.89 

98.2 

861 

147 

9.44 

69.2 

562 

2,030 

429 

3.4 

In addition to the Chen and Lu (1974) study, two additional investigations in LB Harbor assessed related 
chemical measures from which relationships between the sediment chemical load and overlying water 
chemical concentrations could be inferred. In one study, cadmium flux from sediment to overlying water 
was measured in situ in association with other measurements at six stations in LB Harbor (Colbert et aI., 
2001). At five of six stations, a positive cadmium flux was measured from sediment to overlying water 
(over one or more time points), indicating that sediment was a contributor to water cadmium 
concentrations in many areas of LB Harbor. In a separate investigation, selected trace metals, chlorinated 
hydrocarbons and P AHs were evaluated in the seasurface micro layer at one station from LB Inner Harbor 
as well as four other nearshore areas and a station in LA Harbor (Cross et aI., 1987; Applied GeoSciences, 
1990). Concentrations of metals, DDTs, and PAHs were elevated in the seasurface microlayer in LB 
Harbor relative to offshore area. 

In addition to studies in LB Harbor, three studies were identified in which sediment chemistry was 
evaluated in the LA Harbor side of San Pedro Bay; however, in all three investigations chemistry was 
performed in conjunction with an evaluation of the biological effects of samples collected from LA 
Harbor in addition to other locations (Malins et aI., 1987; Nipper et aI., 1989; Thompson et aI., 1989). 
These three investigations were conducted between 1987 and 1989 and demonstrated a wide range of 
chemical concentrations in sediment collected from one or more stations per investigation. With one 
exception, the concentrations of metals, PAHs, DDTs, and PCBs measured in these studies were within 
the range of concentrations measured as part of the large monitoring programs described above. In the 
East Basin, the concentration of total DDTs (763 Ilg /kg) and total PCBs (1,810 Ilg/kg) were significantly 
elevated relative to the concentrations measured as part of large monitoring programs and relative to 
corresponding ER-M values (46.1 and 180 Ilg/kg, respectively) (Thompson et aI., 1989). 
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2.4 Future Remediation Areas 

2.4.1 Installation Restoration Site 7 

May 2009 

As a consequence of over 50 years of shipping and industrial uses by the U.S. Navy's Long Beach 
operations, elevated concentrations of contaminants (i.e., heavy metals, PCBs, and PAHs) were measured 
in sediments from the Installation Restoration (lR) Site 7 (West Basin) area in POLB. Because sediments 
from IR Site 7 may pose ecological risks to benthic organisms, an environmental remediation project is 
necessary to remove contaminated sediments from the area. 

POLB will be conducting the remedial activities in the IR Site 7 area in accordance with a Lease in 
Furtherance of Conveyance (LIFOC) with the Navy, state environmental regulations, and the Record of 
Decision (execute in 2007) for the site. Current plans include the removal of material from two Areas of 
Ecological Concern (AOECs) requiring remediation, as identified by the Navy and previously established 
as part of a Remedial InvestigationlFeasibility Study conducted by Bechtel National, Inc. (Bechtel, 2003). 
Specifically, areas identified for cleanup include AOEC A and C (Figure 36). Material from AOEC A and 
C will be removed and used as slip fill at Slip G. 

Thirty-four (34) sediment samples from AOEC A and C were collected as part of the feasibility study 
conducted by the U.S. Navy (eight samples within AOEC C) and the Pre-Design Sediment Sampling 
performed by WESTON (seven samples in AOEC A and 19 samples within AOEC C) (Figure 36). A 
review of sediment characterization studies conducted on behalf of POLB (WESTON, 2007b) and the 
U.S. Navy (Long Beach Naval Station Feasibility Study in 1998 [Bechtel, 2003]) revealed several 
exceedances of the ER-M in surface sediment from AOEC A and C (Table 7). 
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Figure 36. Sediment Sampling Stations within the Installation Restoration Site 7 Project Area 

Concentrations of heavy metals of concern ranged from 0.109 mg/kg of mercury to 746 mg/kg of zinc. 
Several metals exceeded the ER-M including copper, lead, mercury, nickel, and zinc. For nickel and zinc, 
one station exceeded the ER-M. For copper, two stations exceeded the ER-M (270 mg/kg) at 
concentrations of 337 and 365 mg/kg. For lead, two stations exceeded the ER-M (218 mg/kg) at 
concentrations of 282 and 449 mg/kg. All of these exceedances were measured in surface sediment from 
AOEC A, with the exception of one sample which was located in AOEC C. In this sample, lead was 
measured at a concentration greater than the ER-M. For mercury, nine stations exceeded the ER-M (0.71 
mg/kg), ranging in concentration from 0.72 to 1.40 mg/kg. All of these exceedances were measured in 
surface sediment from AOEC C, with the exception of one sample which was located in AOEC A. 
Concentrations of arsenic, cadmium, and chromium did not exceed the corresponding ER-M values. No 
analytes exceeded the corresponding TILC values. 

Organics were only analyzed in samples from AOEC C. Organics measured at concentrations greater than 
the ER-M include total PCBs and DDTs. For total PCBs, six stations exceeded the ER-M (180 Ilg/kg) , 
ranging in concentration from 180 to 2,830 Ilg/kg. For total DDTs, two stations exceeded the ER-M (46.1 
Ilg/kg) at concentrations of III and 733 Ilg/kg. No analytes exceeded the corresponding TILC values. 
Concentrations of TBT were below the LOEC for community structure changes (480 Ilg/kg) and the 
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LOEC for acute toxicity (2,980 Ilg/kg). Concentrations of chlordane were below detection levels in all 
samples. PAHs were not analyzed in samples from AOEC C. 

The upcoming dredging and remediation in IR Site 7 will ultimately result in a reduction of contaminant 
concentrations presented here to background levels. 

Table 7. The Range of Concentrations and Total Exceedances of Sediment Quality Guidelines for Surface 
Sediment Collected from IR Site 7 AOEC A and C 

Sediment Quality Guidelines 
Analyte 

ER-M TTLC 
Sample Size 

Metals (mg/kg) 

Arsenic 70 500 34 

Cadmium 9.6 100 34 

Chromium 370 2,500 34 

Copper 270 2,500 34 

Lead 218 1,000 34 

Mercury 0.71 20 34 

Nickel 51.6 2,000 34 

Zinc 410 5,000 34 

Organics (/Jg/kg) 

Tributyltin 480* 2,980* 8 

PCBs 180 50,000 8 

PARs 44,792 - 0 

DDTs 46.1 1,000 8 

Chlordane 6 2,500 8 

IYellowl: The concentration exceeds the analyte's respective ER-M value. 
ND ~ non-detect 

Range Number of Number of 
ER-M TTLC 

Minimum Maximum Exceedances Exceedances 

5.90 30.0 0 0 

0.176 1.80 0 0 

26.0 126 0 0 

28.9 365 2 0 

12.6 449 2 0 

0.109 1.40 9 0 

21.6 71.4 1 0 

80.9 746 1 0 

12.0 25.0 0 0 

ND 2,830 6 0 

- - - -

ND 733 2 0 

ND ND 0 0 

* There are no ER-M or TTLC values for TBT; therefore, TBT was compared to the LOEC for community structure changes (480llg/kg) and the 
LOEC for acute toxicity (2,980 Ilg/kg). 
There is no TILC for PARs; therefore, PARs were only compared to the ER-M. 

2.4.2 Middle Harbor Redevelopment Project 

The Middle Harbor Redevelopment Project is a program involving the redevelopment, expansion, and 
modernization of existing waterfront property and POLB lands which is necessary to support the future 
increases in containerized cargo volumes and to ensure adequate navigation depth for draft requirements 
of the current and future generations of cargo vessels. To achieve these goals this project proposes to 
consolidate Piers D, E, and F to create one larger and more efficient, 345-acre container terminal that can 
accommodate larger vessels through the creation of four deep-water berths. As part of this project, 
approximately 22 HA (54 acres) of water will be filled. Dredging will generate approximately 520,000 m3 

(680,000 cy) of material, potentially removing contaminated sediments from the area. Filling of Slip 1 
and the area between Pier E and Pier F will essentially cap contaminated sediments making them 
unavailable to the environment. 

Previous studies that describe the existing sediment conditions in the vicinity of the project area including 
studies by BPTCP from 1992 to 1997 (BPTCP, 2008), SCCWRP (2007), and WESTON (2007a). Prior to 
dredging, targeted sampling and analyses will further characterize potential dredged material. 

The final environmental impact report/environmental impact statement (EIRIEIS) for the Middle Harbor 
Redevelopment Project is currently under review by The Long Beach Board of Harbor Commissioners. 
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2.5 Issues Associated with Evaluating Large Sediment Chemistry Datasets 

In reviewing the data presented in this document, it should be noted that there are a number of 
confounding issues associated with comparing sediment chemistry data compiled across a large time 
period for disparate sampling programs and objectives. These issues are analytical, physical and 
biological in nature. Analytical issues that should be considered include interferences associated with the 
sediment matrix and the change in methods and technologies over time and their impact on analytical 
results. Physical and biological issues that should be considered include the removal, deposition or other 
disturbance and/or physical or biological alteration. All of these factors may alter the interpretation of 
existing environmental conditions based on historical sampling results. 

2.5.1 Analytical Issues 

The degree of matrix interferences in sediment chemistry datasets should be considered when evaluating 
data from multiple sources. Matrix interferences are characteristics of the sediment that interfere with the 
test method execution such that reliability of data may be affected. These interferences occur in part 
because of the low level concentrations of target chemical analytes typically in sediment. Target chemical 
analytes penetrate the marine environment in trace concentrations at or below the part per billion range, of 
which only a small proportion bind to sediment particulates. In order to detect compounds at these 
ecologically and biologically relevant concentrations, some form of sample pre-concentration is 
necessary. This obligatory step also tandemly concentrates any potentially interfering materials, which are 
often present in sediment samples at far greater quantities than the target analytes. The occurrence of 
interfering substances in sediment extracts or digestates is therefore a major potential source of error 
during analysis of this inherently heterogeneous matrix. 

Matrix interferences in sediment samples can vary considerably and are dependent on the degree of 
chemical complexity of the sample site. Interfering sediment sample components include the degree of 
matrix homogeneity and the presence of hydrocarbons, lipids, sulfur and water. Quantitative analysis of 
target compounds remains a challenging task, since several laborious and costly steps to concentrate and 
purify samples may be necessary in order to obtain results liberated from the effects of coextractives. The 
extent of sample preparation required for the isolation of target analytes in the sediment matrix prior to 
quantification is dependant on the quantity of analyte present in the sample, the degree and diversity of 
co extractive chemical constituents, and the analytical tool to be utilized (Gomes et aI., 2004). Though 
most sample preparation methods are proficient in negating analytical interferences, the more intense the 
extraction and purification procedures, the greater the potential for analyte losses resulting in lower 
recoveries. A compromise must therefore be made between the need for method detection limits (MDLs) 
of environmental relevance and the limitation of the amount of matrix interference present in the sample 
to be analyzed. 

Quality assurance/quality control (QA/QC) measurements are fundamental to the examination of possible 
interferences that affect correct quantification of target analytes in sediments. Accuracy of an analytical 
procedure can be determined by the use of certified reference materials while precision of a method can 
be determined by replicate analyses of a material. Analysis of matrix spikes on environmental samples is 
an important tool to indicate the bias of analytical measurements due to intrinsic chemical interferences 
that may be present in the sample matrix. The use of specialty analytical laboratories that have developed 
and implemented cleanup procedures and method modifications to specifically deal with sediment is also 
a key consideration in overcoming analytical interferences associated with this matrix. 

The improvement in instrumentation, methods and technologies used to analyze sediment for chemical 
constituents over time is another issue potentially affecting the evaluation of analytical data across large 
time scales. Specifically, non-detects associated with historical data could be due to the lack of ability to 
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detect specific metals or chemicals above present-day detection limits. For example, PCB analytical 
methods and instrumentation has changed dramatically over time. Early PCB quantitation methods were 
highly subjective Aroclor-based methods in which individual congeners could not be resolved. In the 
1990s, Aroclor-based methods offered quantitative alternatives (Eganhouse and Gossett, 1991) but still 
relied on the subjective visual determination of Aroclor speciation as well as the assumption that 
environmentally or metabolically weathered samples accurately reflect the composition and toxicity of the 
Aroclor standards used to quantify them. More recently, congener-specific PCB analysis was 
implemented in which individual congeners present in a sample were quantified against congener 
standards rather than Aroclor standards. These methods are becoming preferred because they are less 
subjective and can yield more accurate results for environmental samples that may have weathered or 
were biologically degraded, and whose PCB composition is not identical with that ofthe Aroclors. 

2.5.2 Physical Factors 

A number of physical factors may also confound the assessment of sediment chemistry data collected 
over a large time period. The area of sediment collection should be reviewed to see whether 
sedimentation processes are likely (i.e., due to deposition associated with inflows from the Los Angeles 
River and other sources) and could affect sediment chemistry results from one year to the next, depending 
on the degree of contamination in the newly deposited sediment (Los Angeles Regional Contaminated 
Sediments Task Force [CSTF], 2005). Because mixing of surface sediment can expose either more or less 
contaminated sediments, zones of elevated sediment mixing or disturbance (e.g., as a result of high ship 
traffic, propellers on tugs, dry dock operations, or other mechanisms) should also be considered when 
evaluating sediment chemistry and reviewing large datasets such as this one. 

2.6 Analytical Data Gaps in LB Harbor 

2.6.1 Emerging Substances of Concern 

There are a variety of chemicals considered 'emerging substances of concern' that have not been 
evaluated in sediment from LB Harbor. A brief review of these substances is provided here. Endocrine 
modulating compounds include those that have been shown to mimic or block the physiological function 
of endogenous hormones in organisms. These include natural hormones used by body builders (i.e., 
steroids), synthetic hormones such as birth control pills, alkylphenolic surfactants (e.g., detergents) such 
as nonylphenol and octylphenol, polyfluorinated compounds (i.e., perfluorooctane sulfonic acid [PFOS], 
perfluorooctanoic acid [PFOA], teflon, stainmaster, scotchgard, gore-tex), and brominated flame 
retardants (e.g., polybrominated diphenyl ethers [PBDEs]). In addition to endocrine disruptors, 
pharmaceuticals and personal care products also are found in aquatic environments but have not been 
measured in LB Harbor sediments. Examples of these include prescription medications such as 
antibiotics, blood lipid regulators, analgesics, anti-inflammatories, anti-seizure, natural and synthetic 
hormones, and antiparasiticides, over-the-counter (OTC) medications and personal care products such as 
fungicides, disinfectants, fragrances, cosmetics sunscreens and vitamins, and veterinary medications 
(similar to prescription and OTC medications listed above). The most recent substance of concern falls 
into the category of nanomaterials (e.g., nanoparticles, nanofibres, nanotubes, carbon black, quantum 
dots, nanogold, nanosilver, bucky balls), which also have not been examined in LB Harbor sediments. 
Because of their size (smaller than one tenth of a micrometer in at least one dimension), these are of 
concern because their surface area to volume ratio is high, and may result in increased absorption through 
the skin, gills/lungs, or digestive tract. 
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Dioxins are a class of highly toxic chemicals that have been measured in only one sediment 
characterization study in LB Harbor (WESTON, 2006a), and thus the spatial distribution of this class has 
not been fully investigated. In this study, two composite samples of deep homogenized cores were 
analyzed for dioxins. Dioxin toxic equivalent (TEQ) concentrations were below the Region IX risk-based 
guidance levels for total dioxin TEQ of sediments (6 ng/kg; Brian Ross, USEPA Region IX, personal 
communication) and therefore were not considered to be significantly elevated. This class of likely 
carcinogens includes PCBs, polychlorinated dibenzo dioxins (PCDDs), and polychlorinated dibenzo 
furans (PCDFs), the most toxic of which is tetrachlorodibenzo-p-dioxin (TCDD). Dioxins are produced as 
a by-product of processes involving incineration of chlorine-based chemical compounds and 
hydrocarbons such as waste incineration, chemical and pesticide manufacturing and pulp and paper 
bleaching and are also degradation products of Agent Orange, an herbicide used by U.S. military during 
the Vietnam War. 

Also of concern is domoic acid, a naturally occurring marine neuroexcitatory toxin usually produced by 
diatom Pseudo-nitzschia, whose spatial distribution in surface sediment in LB Harbor has not been 
investigated. While this is a toxin and not a direct pollutant, it is well known that anthropogenic pollutants 
may contribute to the diatom blooms that result in the production of this toxin. While no studies to date 
have measured concentrations of domoic acid in surface sediment, the abundances of Pseudo-nitzschia 
and domoic acid in suspended particulate matter collected were measured in the San Pedro Channel and 
Los Angeles harbor areas in the summers of 2003 and 2004 (Schnetzer et aI., 2007). Elevated particulate 
domoic acid concentrations were measured inside the LB Harbor (12.7 Ilg/L) in the spring of 2003; 
however, in the spring of 2004 these levels were an order of magnitude lower. 
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CITY OF PORTLAND AND PORT OF PORTLAND 
National Pollutant Discharge Elimination System Permit 

Municipal Separate Storm Sewer System (MS4) 

Permit Evaluation Report and Fact Sheet 
January 31, 2011 
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Prepared by: 
Benjamin Benninghoff, Water Quality Division, DEQ (503) 229-5185 

For more information, please contact DEQ staff. 

SUMMARY OF PERMIT ACTION 

The City of Portland and the Port of Portland own and operate storm sewer systems that serve 
City of Portland and Port of Portland properties. Pursuant to ORS Chapter 468B.050, 33 USC§ 
1342, and 40 CFR § 122.26, the City of Portland and Port of Portland are required to obtain a 
National Pollutant Discharge Elimination System (NPDES) Permit for their municipal separate 
storm sewer systems (MS4s). 

The existing permit was issued on March 8, 2004 and was administratively extended when the 
joint permit renewal application, Application No. 972521, was submitted to the Department on 
September 2,2008. The proposed permit action is to issue a renewed NPDES permit to the City 
of Portland and Port of Portland to allow and regulate the discharge of stormwater runoff from 
the area within their jurisdiction. This is the second renewal of this municipal NPDES 
stormwater permit. 

This Permit Evaluation Report describes the basis and methodology used in developing the 
permit. 
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CITY OF PORTLAND AND PORT OF PORTLAND 

NPDES MUNICIPAL SEPARATE STORM SEWER SYSTEM (MS4) PERMIT 
EVALUA TION REpORT AND FACT SHEET 

OVERVIEW 

The City of Portland and Port of Portland ([co]permittees) own and/or operate storm sewer 
systems that serve properties within the City of Portland Urban Services Boundary. The 
municipal separate storm sewer system area draining to surface waters of the State addressed by 
the permit is approximately 22,000 acres. 

This permit area lies within the Lower Columbia River and Lower Willamette River basins, 
which includes four 5th field watersheds (Columbia SloughIWillamette River, Rock Creek
Tualatin River, Lower Tualatin River, and Johnson Creek). The receiving waters that accept 
stormwater drainage from the permit area, not including smaller tributaries, are the Columbia 
River, Columbia Slough, Fanno Creek, Balch Creek, Johnson Creek, and Tryon Creek. 

The previous permit was issued on March 8, 2004 and scheduled to expire on February 28,2009. 
The previous permit was administratively extended when the permit renewal application was 
submitted on September 2,2008. The proposed permit action is to issue a renewed NPDES 
permit to the City of Portland and the Port of Portland in response to renewal Application No. 
972521.. This is the second renewal of this municipal NPDES stormwater permit. 

The permit is issued pursuant to state law and implements applicable federal and state law. The 
federal requirements specific to NPDES permits for municipal stormwater systems are set out in 
33 USC § 1342(p)(3)(B) and 40 CFR § 122.26. ORS 468.065 and ORS 468B.050 provide 
specific state authority for the permits. In addition, ORS 468B.035 authorizes the 
implementation of the federal Clean Water Act and regulations adopted under the Act. 
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LEGAL AND POLICY ANALYSIS 

The principal mechanism for controlling the discharge of pollutants is the development and 
implementation of a stormwater management plan (SWMP). Both the previous and renewal 
permits require the SWMP to control pollutant discharges to the maximum extent practicable 
(MEP) standard. In addition, this renewal permit includes provisions that will lead to a SWMP 
that is even more effective than the program established under the previous permit. 

Antidegradation Review 

It is unclear whether the antidegradation policy in OAR 340-041-0004 applies to MS4 permits 
given that the antidegradation policy is part of the state's water quality standards (WQS), and the 
permit already requires stormwater controls to the MEP and the effective prohibition of non
stormwater discharges. Nevertheless, the Department has performed an antidegradation review 
pursuant to the rule, and concluded that the measurable future discharge load authorized by the 
renewal permit does not exceed the discharge load allowed under the existing permit. 

The Department's anti degradation policy in OAR 340-041-0004 protects waters of the state from 
unnecessary degradation from new or increased sources of pollution, and ensures protection of 
existing beneficial uses. Permit renewals imposing the same or more stringent requirements as 
the prior permit are not considered to lower water quality from existing water quality. Here, both 
the previous MS4 permit and this renewal MS4 permit require the [co ]permittees to reduce the 
discharge of pollutant loads to the MEP and to prohibit non-stormwater discharges into the storm 
sewer system. 

As noted above, some of the receiving waters covered by the previous permit and this renewal 
permit are water quality limited. The Department has determined that the MS4 permits will 
satisfy the requirements of federal and Oregon law by requiring controls that effectively prohibit 
non-stormwater discharges and that reduce pollutants in stormwater discharges to the MEP. To 
the extent that water quality standards are not being met, the Department determines that 
implementation of the measures set out in the permit will reduce the relevant waste load 
contributions to the MEP, as required by federal law. This permit also includes all available and 
reasonable controls as required by state law, as discussed below. Moreover, the renewal permit is 
not expected to result in an increased discharge load from that authorized under the previous 
permit. 

With respect to receiving waters that are high quality waters or that attain water quality standards 
for some but not all relevant parameters, the renewal permit is not expected to allow a discharge 
of an increased load beyond that allowed in the prior permit because it requires the 
[co ]permittees to develop and implement plans to reduce overall pollutant loadings and address 
TMDL waste load allocations to the MEP. 
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The renewal permit requires the [co ]permittees to ensure that all new development and 
redevelopment follow local construction and post-construction stormwater regulations designed 
to minimize the discharge of polluted stormwater to the MS4. Although some increase in 
discharges might be expected from these new developments or redevelopments, the quantity and 
concentration of stormwater pollutants will be significantly less than if no stormwater 
management requirements were implemented. Further, the MS4 renewal permit requires the 
[co]permittees to reduce stormwater pollution from existing developments to the maximum 
extent practicable, and develop a stormwater retrofit strategy intended to guide the reduction of 
stormwater pollution from existing developments in the future. Over the five-year permit term, a 
range of programs will be implemented and enhanced to minimize stormwater pollution 
discharges from existing residential, commercial, and industrial developments. These programs 
include roadway pollution reduction activities implemented by the [co ]permittees, education and 
outreach to the general public and businesses, and industrial stormwater technical assistance and 
regulatory programs. Thus, the combination of regulations to minimize new sources of pollution 
from new developments and the reduction in pollution from existing developments is expected to 
result in a net decrease in stormwater pollution discharges to the MS4 during the renewal permit 
period. 

The law recognizes that stormwater discharges are highly variable in nature and difficult to 
control due to topography, land use and weather differences (e.g., intensity and duration of 
storms). Therefore, the law establishes an adaptive management process for reducing these 
discharges, and the [co]permittees are required to regularly review and refine their best 
management practices to reduce pollutants to the maximum extent practicable. The goal of the 
renewed permit is a net reduction in pollutant loadings over the five-year permit term. 
Therefore, no permit provisions are being proposed that would be expected to cause a decrease in 
water quality for the purpose of this anti degradation review. 

The permit does allow for the revisions to the stormwater management plan (SWMP) through a 
prescribed process of adaptive management [see Schedule D( 4)]. Such revisions are anticipated 
to improve the overall effectiveness of the SWMP and not contribute to increased degradation. 
Any revision to the SWMP that meets the criteria set forth in Schedule D will be subject to 
formal permit modification procedures. 

State Agency Coordination Requirements 

The permit at issue is a renewal permit and the Department is not required to obtain a land use 
compatibility (LUeS) statement or make an independent land use determination for renewal 
permits unless the renewal permit involves a substantial modification or intensification of the 
permitted activity. OAR 340-018-0050(2)(b); OAR 660-030-0090; and OAR 660-031-0040. 
The Department has determined that the permitted activity will not be substantially modified or 
intensified during the permit term. 
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All water quality permits must meet the requirements of state law. Oregon statutes in general 
give the Environmental Quality Commission and the Department broad authority to impose 
permit requirements needed to prevent, abate, or control water pollution. See ORS 468B.OIO, 
468B.OI5, 468B.020, and 468BIIO. However, direct statutory requirements applicable to 
discharge permits are more limited. ORS 468B.020(2)(b) directs the Department to require the 
use of all available and reasonable methods necessary to protect water quality and beneficial 
uses. The Department has determined that this permit and the requirement to control discharges 
of pollutants to the MEP appropriately addresses Oregon's environmental policies and 
adequately protects the health, safety and welfare of Oregon citizens. ORS 468B.050 also 
requires that discharge permits specify applicable effluent limits. The effluent limits applicable 
to this permit are the effective prohibition on non-stormwater discharges and the requirement to 
control pollutants in stormwater discharges to the MEP. 

COVER PAGE 

Receiving Stream Information 

The front page of the renewal permit includes information about the receiving stream(s) to which 
the permittee's MS4 discharges stormwater. In addition, a reference is made to the Total 
Maximum Daily Load (TMDL) that establishes wasteload allocations (WLAs) for urban 
stormwater in the Lower Willamette River, Columbia Slough and Tualatin River subbasins. This 
reference does not create any permit requirements or represent numeric effluent limits. Rather, it 
is simply designed to acknowledge the existence of the EPA-approved TMDLs and associated 
stormwater WLAs. The methods by which the [co ]permittee is required to address TMDLs are 
described in Schedule A and Schedule D of the permit. 

SCHEDULE A 
Controls and Limitations for Stormwater Discharges from MS4s 

Schedule A provides a summary of the required controls and limitations for stormwater 
discharges from permitted sources. Additional requirements related to some of the controls and 
limitations discussed in this Schedule can be found in other schedules of the permit. For 
example, Condition 2 states that the [co]permittee will be in compliance with the maximum 
extent practicable (MEP) standard if the [co]permittee complies with the permit requirements 
and implements its stormwater management plan (SWMP). The detailed requirements for 
SWMP development, implementation and modification are found in Schedules A, C and D. 
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This permit condition simply prohibits non-stormwater discharges into the MS4 that are not 
otherwise authorized, in accordance with federal regulations.! 

Condition 2 
Maximum Extent Practicable 
The permit condition reflects the underlying compliance standard for the permit and SWMP 
under federal and Oregon law. The MS4 [co ]permittees are required to implement controls to 
reduce the discharge of pollutants to the maximum extent practicable (MEP), in accordance with 
Section 402(p)(3)(B) of the federal Clean Water Act, 33 U.S.C. 1342 (p)(3)(B)(iii), and ORS 
Chapter 468B. Each [co ]permittee is required to implement reasonable and available controls to 
satisfy the MEP requirement. Implementation of reasonable and available controls to reduce the 
discharge of pollutants to the maximum extent practicable will serve to protect, maintain and 
improve the quality of waters of the state and will protect the beneficial uses of such waters 
consistent with ORS 468B.015 and ORS 468B.020. 

ORS 468B.020 requires the use of all available and reasonable methods of control to achieve 
Oregon's water quality goals described in ORS 468B.015, and ORS 468B.048. In addition, ORS 
468B.035 provides the EQC and the Department authority to implement federal regulations and 
guidelines established by the EPA in accordance with the Clean Water Act. With respect to the 
MS4 systems at issue in this permit, the Clean Water Act and federal regulations require 
[co ]permittees to control the discharge of pollutants that may be contained in municipal 
stormwater to the maximum extent practicable. The Department interprets the MEP requirement 
to require all controls that are reasonable and available. The Department has further concluded 
that the permit conditions, including the requirement to control discharges to the MEP standard 
appropriately addresses Oregon's environmental policies and adequately protects the health, 
safety and welfare of Oregon's citizens. Accordingly, control measures meeting the MEP 
requirement satisfy the requirements in both Section 402(p )(3)(B) of the federal Clean Water 
Act, 33 USC 1342 (p )(3)(B)(iii) and ORS Chapter 468B. 

The Department has reviewed the SWMP submitted with each permit application and concluded 
that the program elements included in the [co]permittee's SWMP, in conjunction with 
the provisions contained within the permit, will protect, maintain and improve the quality of the 
waters of the state for the protection of the designated beneficial uses of such waters, and will 
serve to reduce the di scharge of pollutants to the MEP. 

In recognition of the difficulties regulating discharges from municipal separate storm sewers, 
EPA has intentionally not provided a precise definition ofMEP to allow flexibility in MS4 
permitting. EPA does envision, however, that the evaluative process MS4s undertake to meet 
the MEP standard will: " ... consider such factors as condition of receiving waters, specific local 
concerns, and other aspects included in a comprehensive watershed plan. Other factors may 

1 40 Code of Federal Regulations § 122.26(d)(2)(iv)(B)(l) 
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include MS4 size, climate, implementation schedules, current ability to finance the program, 
beneficial uses of receiving water, hydrology, ecology, and capacity to perform operation and 
maintenance.,,2 The Department understands that what constitutes MEP for a particular 
[co ]permittee may change over time. Therefore, the Department has adopted monitoring and 
reporting requirements described in Schedule B to ensure continued compliance with the MEP 
standard. 

The Department has determined that the permit conditions, including the requirement to control 
pollutants in stormwater discharges to the MEP standard through SWMP implementation, 
conforms to OAR 340-041-0101 & 340-041-0340 (Columbia and Willamette River basins 
respectively), which require that water quality be managed to protect beneficial uses. Policy 
guidelines in OAR 340-042-0001 provide that the Department "will continue to manage water 
quality by evaluating discharges and activities, whether existing or a new proposal, on a case by 
case basis, based on information currently available and within the limiting framework of 
minimum standards, treatment criteria and polices ... " One such treatment criterion and policy 
guideline is set forth in OAR 340-041-0009(8), which provides that "Storm Sewer Systems 
subject to Municipal NPDES Stormwater Permits: best management practices must be 
implemented for permitted storm sewers to control bacteria, to the maximum extent practicable." 

Condition 3 
Implementation of Stormwater Management Plan 
This permit condition references the SWMP submitted with the permit renewal application 
package on September 2,2008 and the date of the SWMP amendment (August 13,2010) to 
identify the location of the current SWMP and any future SWMP revisions. This reference will 
assist the public and other interested parties in obtaining access to the applicable SWMP. In 
addition, SWMPs must be electronically available through direct incorporation into the 
[co]permittee's website and/or accessible via a [co]permittee weblink. This permit condition also 
specifies that each [co]permittee within a group permit is responsible for compliance within its 
own jurisdiction. 

In this permit condition, the SWMPs are incorporated into the permit by reference. As a result, 
the elements of the SWMP are also permit conditions. The [co]permittees submitted a SWMP 
during the finalization of the specific permit conditions identified throughout this permit. As a 
result, there may be discrepancies or conflict between information included in the SWMP, such 
as implementation dates for BMPs actions, and permit conditions described in the permit. The 
SWMPs must be modified by the [co ]permittees to address any conflict or discrepancy with the 
requirements described in the permit or addressed as a special condition by the date identified in 
Schedule D.6 of the permit. 

2 December 8, 1999 Federal Register, Vol. 64, No. 235, Page 68754. 
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Stormwater Management Plan Requirements 
The Department developed this permit condition for the 3rd generation ofMS4 Phase I permits to 
reflect the Department's commitment to continued improvement with successive iterations of the 
MS4 permits. The broad requirement in this permit condition highlights the importance of the 
implementation of a SWMP that incorporates measurable goals for program elements identified 
in sections a. through h. of Condition 4. Sections a. through h. under this permit condition 
address the six minimum measures identified in 40 CFR 122.34. 

Measurable goals effectively replace the tracking requirements found in the existing (2004-2009) 
permit, including Total Maximum Daily Load (TMDL) performance measures and performance 
indicators. Measurable goals are functionally similar to the performance indicators in the 
existing permits. Measurable goals are objectives or targets that quantify the progress of SWMP 
implementation and outline the practices, techniques or provisions associated with protecting 
water quality. Measurable goals are quantitative, prospective and, wherever possible, describe 
what the [co ]permittee intends to do and when they intend to do it. Measurable goals may be 
stated as a range. 

USEPA has developed guidance related to the development and expression of measurable goals? 
To maintain the flexibility for identifying, tracking and addressing measurable goals, the 
Department is not mandating specific types of goals or measurement tools. However, the 
[co ]permittees must consider USEP A's guidance when evaluating the appropriateness and 
effectiveness of the measurable goals that are identified in their SWMPs. 

Condition 4(a) 
Illicit Discharge Detection & Elimination (IDDE) Program 
The MS4 [co ]permittees have implemented an IDDE program since the initial issuance of the 
MS4 permits in the mid-1990s. An IDDE program, including the enforcement of such program, 
is necessary to avoid illicit discharges or improper disposal. The Department expects the 
[co ]permittees to already be enforcing their illicit discharge ordinances or other regulatory 
mechanism. The enforcement response plan permit requirement is designed to ensure clarity and 
consistency in enforcement response actions by focusing enforcement resources on the most 
important violations and violators, and to reduce, with the goal to eliminate, the number of 
reoccurring violations or repeat offenders. The enforcement response plan or similar document 
must ultimately describe how the [co ]permittees will generally enforce their illicit discharge 
ordinance. 

The [co ]permittees may also develop standardized response procedures for typical illicit 
discharges, such as cross-connections or illegal washing activities. The response procedures may 
be documented in the enforcement response plan or developed as a stand-alone document. The 
response procedures for typical discharges must describe the timeframe and process that the 

3 EPA's measurable goals guidance can be found on the web at: 
http://cfpub.epa.gov/npdes/stormwater/measurablegoalslindex.cfm 
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[co ]permittee will follow to remedy the illicit discharge. For illicit discharges that are not 
identified with a formal response procedure and that will take longer than 15 days to resolve, the 
Department is requiring the [co]permittee to develop and implement an action plan that 
establishes a process and estimated timeframe for resolving the issue in an expeditious manner. 
In consideration of the type of technical, logistical or other reasonable issues, such as the need 
for special budget approval due to a non-typical repair, that may impact the elimination of the 
illicit discharge, the Department has determined that the [co ]permittees should have adequate 
time to develop an appropriate action plan within 20 workings of identifying the source of the 
illicit discharge. 

The Department has also included permit requirements to promote improved communication 
between [co]permittees to improve consistency and timely response to illicit discharges. For 
example, this permit condition requires a [co]permittee to notify an authority with jurisdictional 
oversight if the source of an illicit discharge originates outside of the jurisdictional area of the 
[co ]permittee. 

An effective IDDE program incorporates preventive management strategies as necessary, such as 
sanitary cross-connection reviews as part of building inspections, development and training of 
spill response standard operating procedures, and ongoing sanitary and storm sewer maintenance 
and replacement programs. An IDDE program may also include approaches and techniques to 
identify or detect illicit discharges or improper disposal, such as dry-weather screening 
inspections and televising sanitary or storm sewer systems, so the discharges do not turn into 
catastrophic discharges to receiving waterbodies. 

The Department maintains that ongoing field screening activities play an important role in a 
comprehensive illicit discharge detection and elimination program. To enhance the previous 
permit language that generally required a program to detect and remove illicit discharges and 
improper disposal into the storm sewer, the Department has incorporated specific permit 
language that requires the [co ]permittees to identify and prioritize annual field screening 
locations. The Department encourages the [co ]permittees to consider dry-weather field 
screening locations in areas of known or suspected illicit discharges, areas discharging to 
sensitive waterbodies, areas where the age of the structures or stormwater system are near the 
end of their design life, or other relevant areas that may have an increased likelihood for illicit 
discharges or improper disposal. 

The Department has also included permit language to identify or develop dry-weather field 
screening pollutant parameter 'action levels' that, if exceeded, will trigger the [co]permittee to 
conduct further investigation to identify sources of illicit discharges. In identifying or developing 
the' action levels', the Department suggests the [co ]permittees review illicit discharge detection 
and elimination program guidance developed by the Center for Watershed Protection and 
referenced by the United States Environmental Protection Agency 
(http://www.epa.gov/npdes/pubs/idde chapter-12.pdt). 
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As part of the permit renewal application process, the [co ]permittees submitted an evaluation of 
non-stormwater discharges. This evaluation was conducted by the [co ]permittees to determine if 
the non-stormwater discharges identified in Schedule A.4.a.xii. were being adequately addressed 
by their Best Management Practices (BMPs). The evaluation identified categories of non
stormwater discharges, and examined whether a non-stormwater discharge occurred within the 
jurisdictional area, whether the non-stormwater discharge required a BMP to reduce the 
discharge of pollutants, and what effective BMP was implemented to reduce the pollutants, if 
needed. Based on the Department's review of the [co]permittees' evaluation, the Department 
determined the [co ]permittees were implementing effective BMPs to reduce the discharge of 
pollutants associated with the non-stormwater discharges identified in Schedule A.4.a.xii. 

Condition 4(b) 
Industrial and Commercial Facilities 
Federal stormwater regulations envision states and municipal [co]permittees cooperating in 
addressing pollutants in stormwater discharges to municipal storm sewers from industrial 
facilities. 

Currently, the City of Portland, through a Memorandum of Agreement (MOAs) with the 
Department, acts as an agent for industrial NPDES permits within the City's jurisdictional area. 
The City's jurisdictional areas under the MOA include Port of Portland properties within the City 
limits; therefore, the City coordinates with the Port, and generally takes the lead in implementing 
the industrial permit provisions of the permit. The MOAs outline both the Department's and the 
agent's responsibilities in carrying out permit administration and compliance, and include a fee
sharing agreement. An agent's major responsibilities typically include processing new industrial 
NPDES permit applications and making permit registration decisions; assisting the Department 
with permit renewal; reviewing stormwater discharge monitoring reports; reviewing action plans; 
inspecting sites; and being the first-responder for complaints and permit compliance. 

For those [co]permittees that do not act as the Department's agent, this permit condition requires 
[co ]permittees to screen existing and new businesses, and notify the facility and the Department 
when they identify businesses that may require a Department-issued industrial NPDES permit. 
Industrial activities that are subject to permitting requirements are determined by SIC codes 
listed in the federal regulations. 4 This requirement will assist the Department in identifying 
businesses that need an industrial stormwater NPDES permit and will assist the [co ]permittees in 
evaluating industrial stormwater discharges that are occurring within their jurisdictions. 

This condition also requires that priorities and procedures for inspection and implementation of 
stormwater control measures be established for industrial and commercial facilities where site
specific information has identified a discharge as a source that contributes a significant pollutant 
load to the MS4. The strategy must include a description of the rationale for identifying 
commercial and industrial facilities as a significant contributor. The IDDE program, monitoring 
efforts, and pollution prevention activities will support the [co]permittees' efforts in identifying 

4 40 Code of Federal Regulations § 122.26(b)(14) and (15). 
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the appropriate commercial and industrial sources. This requirement further strengthens and 
complement related stormwater management efforts, such as IDDE, education and outreach, 
operations and maintenance of structural controls, an existing fat, oil and grease (FOG) reduction 
program, limiting seepage from the sanitary sewer, or the identification of priority retrofit 
approaches or areas. 

Condition 4(c) 
Construction Site Runoff Control 
The [co ]permittees, through ordinances or other regulatory mechanisms, must implement a 
program that prevents and/or controls the discharge of pollutants in stormwater runoff from 
construction sites associated with a minimum threshold of land disturbance. Even though 
construction sites that disturb one acre or more of land are covered by Department-issued 
construction stormwater NPDES permits, the construction site runoff control requirements in this 
permit are needed to induce more localized site regulation and enforcement efforts, and to enable 
the MS4 [co]permittees to more effectively control construction site discharges into their MS4s. 

The requirements in Conditions 4(c) (i) through (vi) describe the Department's minimum 
expectations for [co ]permittees' construction stormwater programs. The requirements are similar 
to those found in the current permits, but are more specific about the actions that [co ]permittees 
are required to perform. The main elements include having an ordinance to require controls and 
impose sanctions, requiring implementation and maintenance ofBMPs, preventing or controlling 
site construction wastes from impacting water quality, site plan review procedures, site 
inspection procedures, and enforcement procedures. The [co ]permittees will describe within 
their site plan review, site inspection, and enforcement procedures the actions and activities the 
[co ]permittees will follow to ensure the development and implementation of construction site 
plans appropriately incorporate Low Impact Development or an equivalent planning, design, and 
construction approach to avoid conflict with the permit conditions outlined in Schedule A.4.f. of 
the permit. 

The construction site minimum threshold identified in this condition reflects the Best 
Professional Judgment of the permit writer based on direct experience and an evaluation of 
multiple factors. These factors include: a) the level of resources (i.e., personnel, financial, time) 
needed to review, approve, inspect and enforce erosion prevention and sediment control plans; b) 
the number and type of potential construction proj ects; c) the potential for water quality impacts 
associated with typical construction projects; d) the [co]permittee's current minimum threshold; 
and, e) the construction site minimum threshold incorporated into MS4 permits by other 
permitting authorities. 

Condition 4(d) 
Education and Outreach 
The previous permit required [co ]permittees to conduct educational activities to facilitate the 
proper management and disposal of used oil and toxic materials, provide notice of educational 
opportunities for construction site operators, and consider using education programs to address 
the application of pesticides, herbicides and fertilizers. This permit condition consolidates these 
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education and outreach program requirements under a single program element, and further 
clarifies and expands the education and outreach program minimum expectations. 

Anticipating that the [co]permittees will build upon previous education and outreach program 
implementation experiences, this permit condition requires implementation of an education and 
outreach program designed to achieve measurable goals based on target audiences, specific 
stormwater quality issues in the community, or identified pollutants of concern. The 
[co]permittee have the flexibility to identify the audience(s) and pollutant(s) of concern that will 
be targeted, but the [co ]permittee must document and report the specific activities that will be 
conducted, and the individual or entity responsible for implementing the strategy. Due to the 
increasing importance of Low Impact Development and Green Infrastructure in reducing 
pollutants to the MEP, the Department expects the [co]permittees to incorporate these 
approaches into its education and outreach strategy during this permit term. 

The permit also identifies general education and outreach program requirements that must be 
met, including training of municipal employees involved in a variety of MS4-related activities. 
For example, stormwater pollution prevention and reduction training for municipal employees, 
must, where appropriate, incorporate approaches and concepts, such as Low Impact 
Development, Green Infrastructure, urban ecology, water quality-sensitive landscape and soil 
practices, integrated pest management principles, and watershed management. 

This permit condition also requires [co]permittees to conduct or participate in a group effort to 
conduct an effectiveness evaluation to measure the success of public education activities during 
the permit term. The effectiveness evaluation will focus on quantifying and assessing changes in 
targeted behaviors, and should be conducted in a manner to provide a reasonable estimate of 
pollutant reductions that may be achieved through the implementation of a targeted education 
and outreach program. The results of the evaluation will be used to adaptively manage the 
education and outreach programs, and provide information that can be incorporated in the 
permittee's TMDL pollutant reduction estimates and benchmark development efforts. 

The Department acknowledges that conducting this evaluation may be difficult, particularly 
when identifying and isolating factors that may influence the effectiveness of an education and 
outreach program are considered. A recent Center for Watershed Protection and University of 
Alabama report provides guidance related to designing a quantitative study to monitor public 
education programs, particularly a defensible examination of a pollutant load reduction estimate 
achieved through the implementation of an education program.s 

5 Center for Watershed Protection. 2008. Monitoring to Demonstrate Environmental Results: Guidance to Develop 
Local Stormwater Monitoring Studies U sing Six Example Study Designs. Center for Watershed Protection:Ellicott 
City, MD. pg.SDS-lto SDS-17. 
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Federal regulations require MS4 [co]permitlees to establish a public involvement process for the 
development of their stormwater management program.6 However, there is no explicit public 
involvement requirement in the federal regulations regarding the ongoing implementation and 
evaluation of the stormwater management program. Continued public involvement will assist 
the [co ]permittees in maintaining a high quality stormwater management program that meets 
MEP. 

This condition of the permit specifies that [co]permittees must implement a public participation 
process that provides opportunities for the public to participate in the development, 
implementation and adaptive management of the [co]permittees' stormwater management 
program. Specifically, the process must include provisions for receiving and considering public 
comments on the monitoring plan due to the Department on June 1,2011, annual reports, the 
SWMP and the TMDL pollutant load reduction benchmark due to the relative importance of 
these components in a stormwater management program. 

Condition 4(1) 
Post-Construction Site Runoff 
This permit condition expands on the previous requirements by identifying minimum 
performance standards. The Department based these performance standards on its review of the 
current post-construction site runoff programs in Oregon, post-construction program 
requirements in other states, scientific literature, and comments and guidance from USEP A. 

A post-construction program is an important component of a comprehensive municipal 
stormwater management program. Urban stormwater pollutant loading from developed areas is 
generall y a function of increased stormwater runoff volume and flow rates resulting from 
increased impervious surfaces, and is related to the type and intensity of a land use activity. An 
effective post-construction management program reduces pollutant loading to receiving waters 
from developed areas if the program requires development projects to minimize impervious 
surfaces, reduce runoff volumes, and provide stormwater quality treatment. 7 

The threshold where the post-construction requirements become applicable to new development 
and redevelopment projects can have a substantial impact on the water quality benefit. For 
example, research in the Pacific Northwest indicates biological stream functioning may 
substantially degrade when the Total Impervious Area (TIA) in a watershed related to 
urbanization reaches a level between 5% and 10%.8,9 If the requirements of a post-construction 

6 40 Code of Federal Regulations § 122.26 (d)(2)(iv) 
7 National Research Council. 2008. Urban Stormwater Management in the United States. Washington, DC: 
National Academies Press. 
8 Booth, D. 1991. Urbanization and the Natural Drainage System-Impacts, Solutions and Prognoses. Northwest 
Environ. J. 7(1):93-118 
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program do not apply to a majority of the projects creating new impervious surfaces, increased 
stormwater runoff volume and its ability to carry increasing pollutant loads will not be 
adequately addressed. 

This permit condition identifies a minimum threshold for [co]permittees' that reflects an 
evaluation conducted by the [co ]permittees based on the goal to identify a minimum threshold 
that would cover an estimated 90% of all new or replaced impervious surfaces within their 
jurisdiction. The minimum threshold identified in this permit condition also considered factors 
such as minimum lot sizes, distribution of land uses, average impervious area associated with 
single-family dwellings, development patterns, additional or reallocated resource needs, and the 
overall benefit/cost of establishing a particular minimum threshold. If [co]permittees did not 
conduct the specific evaluation, the Department assigned the lowest minimum threshold 
identified by other MS4 Phase I [co ]permittees, as appropriate. 10 The requirements for post
construction stormwater management will be tailored by [co ]permittees in order to best 
accommodate local conditions, watershed priorities and achieve the Maximum Extent 
Practicable standard. 

The post-construction requirements by and large follow a hierarchical structure in which the 
post-construction management program goals are identified, followed by enforceable guidelines 
for the post-construction stormwater quality management manual or equivalent document (e.g., 
ordinance). The program goals identified in this permit condition reflect a post-construction 
stormwater management approach that stresses the importance of stormwater runoff prevention 
first, followed by site-specific runoff reduction, and finally the capture and treatment of 
pollutants, as highlighted in the 2008 National Research Council report. 11 

The [co]permittees will identify how applicable new development and redevelopment projects 
can meet the program goals. To accomplish this, the [co]permittees' post-construction program, 
as reflected in its ordinances, design standards and design manuals, will incorporate Low Impact 
Development (LID), Green Infrastructure (GI) or an equivalent planning, design and 
construction approach. By prioritizing and incorporating LID, GI or an equivalent approach, the 
other program conditions, such as optimizing onsite retention (i.e., infiltration, 
evapotranspiration, and water capture and reuse), targeting natural surface or predevelopment 
hydrologic functions, and minimizing hydrological and water quality impacts from stormwater 
runoff from impervious surfaces, will be substantially addressed. 

The [co ]permittees will identify how the program goals can be achieved by developing or 
revising an enforceable stormwater management manual or equivalent document. Subsequently, 

9 Waite, I.R., Sobieszczyk, Steven, Carpenter, K.D., Amsberg, AJ., Johnson, H.M., Hughes, C.A, Sarantou, MJ., 
and Rinella, F.A, 2008, Effects of urbanization on stream ecosystems in the Willamette River basin and surrounding 
area, Oregon and Washington: U.S. Geological Survey Scientific Investigations Report 2006-5101-D, 62 p. 
10 Department of Environmental Quality memo. Guidelines for Determining the Post-Construction Impervious Area 
Minimum Threshold for the Municipal Separate Storm Sewer System (MS4) Phase I Permits. June 3, 2009. 
11 National Research Council. 2008. Urban Stonnwater Management in the United States. Washington, DC: 
National Academies Press. 
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the [co ]permittees will use the enforceable requirements in their review and approval of site
specific post-construction stormwater management plans for applicable new development and 
redevelopment projects. 

This permit condition clarifies the minimum performance standards that the post-construction 
program must meet by generally requiring the stormwater management manual or equivalent 
document(s) include methods, approaches and requirements to reduce pollutants and mitigate the 
volume, duration, time of concentration and rate of stormwater runoff from new development 
and redevelopment projects. This general language in the permit condition, along with more 
specific requirements related to what must be incorporated into a stormwater management 
manual or equivalent document(s) allows the [co]permittees flexibility to identify the most 
effective and understandable approach for the development community and general public. For 
example, this permit condition requires the [co]permittees identify a minimum design storm or 
an acceptable method to conduct a continuous simulation to appropriately determine the benefits 
(i.e., pollutant reductions) of implementing site-specific stormwater control measures. In this 
example, if the design storm approach was identified by the [co]permittees, one method the 
[co ]permittees could use to ensure pollutants are reduced, and the volume, duration, time of 
concentration and rate of stormwater runoff are mitigated, is through the identification of a 
volume-based (e.g., first Y2 inch of a 24hr. event), storm event percentile-based (e.g., 95th 

percentile storm event), or annual average runoff-based (e.g., 80% of annual average runoiJ) 
minimum that must be retained on the development site. In other words, the [co ]permittees 
would identify the performance standard that targets natural surface or pre-development 
hydrologic function and reduces pollutant loading (i.e., both general conditions of the post
construction program requirements), while providing a clear, understandable target for project 
design and compliance with the local post-construction program requirements. 

This permit condition also specifically requires that new development and redevelopment 
proj ects are designed to capture and treat a minimum of 80% of the annual average runoff. The 
average annual runoff can be calculated based on site runoff estimates and using rain event 
characteristics appropriate for the region or locality. This performance standard is based upon a 
review of the requirements currently employed by the MS4 Phase I jurisdictions. In addition, if 
represented as a design storm for the Phase I MS4 [co ]permittees, this performance standard 
reflects a range between a one and two inch 24-hour storm event, which is similar to a design 
storm recently identified in technical guidance for federal projects under Section 438 of the 
Energy Independence and Security Act. In this USEPA technical guidance, the 95th percentile 
storm event for the Portland area (i.e., 1.00" daily precipitation) is highlighted as the 
performance standard .. 12 Ultimately, most development sites may achieve the requirement to 
capture and treat 80% of the annual average runoff by using site design methods and approaches 
that mitigate the volume, duration, time of concentration and rate of stormwater runoff, such as 
Low Impact Development and Green Infrastructure. 

12 USEP A. Dec. 2009. "Technical Guidance on Implementing the Stormwater Runoff Requirements for Federal 
Projects under Section 438 of the Energy Independence and Security Act". EPA 841-B-09-001. Office of Water : 
Washington D. C. 
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The prioritization, inclusion and implementation of LID, GI or equivalent stormwater 
management approaches as part of an enforceable standard is a key requirement of this permit 
condition, and reinforces the overall goal of the stormwater management programs "to reduce 
the discharge of pollutants to the maximum extent practicable, including management practices, 
control techniques and system, design and engineering methods. ,,13 LID and GI are a set of 
management approaches and technologies that utilize and/or mimic the natural hydrologic cycle 
processes of infiltration, evapotranspiration and use, and are becoming increasingly prevalent in 
Oregon and across the country. These approaches consider site planning, design and 
construction that seek to integrate hydrologically functional design with pollution prevention 
measures by using small-scale, decentralized practices that infiltrate, evaporate, retain for reuse, 
and transpire stormwater. 14 This permit condition requires applicable and practical uses of LID, 
GI or equivalent approaches be identified, and the identification of conditions where these 
approaches may be impracticable. For example, the use of infiltration in an area highly 
susceptible to landslide hazards may be identified by the [co ]permittees as being impracticable. 

To support LID and GI as important components of post-construction stormwater management, 
the Department has included a post-construction permit condition that requires the [co ]permittees 
to review, identify, and minimize or eliminate any ordinance, code or development standard 
barriers within their legal authority that inhibit design and implementation techniques or 
approaches intended to minimize impervious surfaces and reduce stormwater runoff. This review 
and modification will most likely occur simultaneously with the review, development and 
revision of the ordinances, code and development standards in order to incorporate the other 
post-construction permit conditions. The Department acknowledges that many of the 
[co ]permittees may have already completed a similar review to address the state's land use laws. 
As a result, this condition also requires that if a code or development standard barrier is brought 
to the attention of the [co ]permittees in the future, the [co ]permittees will minimize or eliminate 
the barrier within three years of becoming aware of the barrier. 

This condition also requires the [co ]permittees to incorporate Best Management Practices 
(BMPs) into an enforceable stormwater management manual, including a descri ption of site
specific design requirements and pollutant removal efficiency performance goals that maximize 
the reduction in discharge of pollutants. The BMPs, if properly designed and constructed in 
accordance to identified BMP specifications, will be presumed to have met the related permit 
condition. The Department acknowledges that actual pollutant removal performance will vary 
based on individual site conditions, rainfall patterns, the inflow concentration of pollutants, and 
maintenance. 

This permit condition identifies the minimum performance standard that must be achieved by the 
[co ]permittees. However, [co ]permittees may need to tailor their local requirements based on 

13 Clean Water Act Section 402(p)(3)(B)(iii) 
14 Prince George's County, Maryland. Department of Environmental Resources. 1999. "Low Impact Development 
Design Strategies: An Integrated Design Approach." 
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local issues or water resource and planning priorities. If there are receiving waters or land uses of 
concern, more stringent criteria may be developed to provide greater protection. For example, 
several [co]permittees currently implement requirements for a 65% reduction in phosphorus 
from new development. These local requirements are designed to address water quality issues in 
the Tualatin River basin. 

Where site-specific conditions make the post-construction requirements infeasible, a 
[co ]permittees' program must require an equivalent approach to reduce pollutant loads, such as 
off-site stormwater quality management. These alternative options will be granted by 
[co]permittees on a project-by-project basis. In some cases, water quality benefits may be 
realized when off-site mitigation projects are implemented in place of on-site practices, 
depending on a variety of factors, such as the location and nature of the regional projects and the 
ancillary benefits they offer (habitat, recreation, open space, flood control, etc.). 

Condition 4(g) 
Pollution Prevention for Municipal Operations 
The previous permit requires the stormwater programs reduce the discharge of pollutants from 
the operation and maintenance of public streets, roads and highways and in the management of 
operating or closed municipal landfills or other treatment, storage or disposal facilities for 
municipal waste. In addition, controls are required for application of pesticides, herbicides and 
fertilizers in public right-of-ways and at facilities owned or operated by [co ]permittees. These 
permit conditions consolidate and expand the conditions under the pollution prevention for 
municipal operations program element, and includes requirements to prevent or reduce pollutants 
from properties owned or operated by the [co ]permittees. 

The types of properties or facilities the Department envisions to be included under this program 
include parks and open spaces, fleet and building maintenance facilities, transportation systems 
and fire-fighting training facilities for which the [co]permittee has authority. The actions, 
activities and approaches related to this permit condition are important since the [co ]permittees 
have direct control of these types of operations, and the actions, activities and approaches may 
playa role in education and outreach as a broader example of the type of efforts that can be done. 
In addition, the results of an ongoing flood control project retrofit assessment will complement 
the stormwater retrofit strategy development requirement identified in Schedule A, Condition 6. 

Condition 4(h) 
Structural Stormwater Control Operation and Maintenance Activities 
The long-term operational performance of structural stormwater controls and management 
facilities hinges on ongoing, effective maintenance. Regular maintenance will ensure that 
facilities continue to function properly and achieve their design objectives, whether it is 
infiltration, flow control, pollutant removal or a combination of objectives. The intent of this 
permit condition is to have the [co ]permittees establish or refine a long-term maintenance 
program that ensures structural stormwater controls and management facilities are maintained 
and operated in a manner that ensures they function properly over time. 
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The Department reviewed the MS4 Program Evaluation Guidance15 developed by USEP A to 
identify the types of questions to ask and information needed to have an effective long-term 
operation and maintenance program. Based on this review, the Department determined that, at a 
minimum, a long-term maintenance program must have legal authority, the ability to identify and 
track stormwater management facilities, and include inspection and maintenance requirements, 
which are reflected in this permit condition. 

The operation and maintenance of stormwater management facilities owned by [co ]permittees is 
currently addressed in each of the [co]permittees' stormwater management plans. this 
requirement expands on these efforts to include privately-owned stormwater facilities, and 
further clarifies the expectations for the facilities owned or operated by the [co ]permittees. 

The Department recognizes that it may be infeasible for [co ]permittees to track every stormwater 
treatment facility. For example, the smaller and potentially numerous privately-owned or 
operated structures or facilities, such as raingardens installed at single family residences without 
direct oversight by the municipality or catchbasins in parking lots at multi-family or commercial 
properties, may be costly and difficult to identify, and the benefits of constant and direct 
oversight of these types of facilities may be of limited value. As a result, the Department 
differentiated the requirements between facilities owned or operated by [co ]permittees, and those 
facilities that are owned or operated by a private entity. The Department, however, encourages 
each [co ]permittee maintain a general requirement under its legal authority that stormwater 
treatment facilities be properly operated and maintained. 

The requirements related to the facilities owned or operated by the [co ]permittees include 
inventory, mapping, inspection, maintenance and related criteria, priorities and record-keeping 
procedures. The additional efforts related to this requirement will be minimal as a result of 
previous permit requirements (Schedule D.2.c.i.l.) related to municipal operation pollution 
prevention activities. 

The requirements for privately-owned or operated stormwater controls or facilities are similar, 
but with some clarifications. For example, this permit condition only requires new privately
owned or operated facilities or controls required under the post-construction program, any 
facility or control used to estimate the TMDL pollutant load reduction or other major facility be 
incorporated into the inventory and mapping. As a result, only these types of facilities will be 
specifically subject to the inspection criteria and procedures, and operation and maintenance 
requirements. The [co ]permittees will define "maj or private stormwater facility or structural 
control" as it relates to their jurisdiction, along with the rationale for including or excluding 
specific types of private stormwater facilities or structural controls under their definition. In 
considering what types of private stormwater facilities or structural controls should be included 
under the definition of major, the [co]permittees should consider the magnitude of the impact to 
water quality if the facility or control was not adequately or properly maintained. 

15 USEPA. January 2007. "MS4 Program Evaluation Guidance". Office of Wastewater Management: Washington 
D.C. 
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A principle goal of the Clean Water Act is "to restore and maintain the chemical, physical, and 
biological integrity of the Nation's waters." 16 However, attainment of this goal has been 
partially limited in many water bodies as a result of the alteration of hydrologic characteristics, 
or hydromodification 17, caused by urbanization. The Department has determined that 
hydromodification impacts associated with urbanization, including impacts related to changes in 
the volume, velocity, duration and quality of stormwater runoff, are a significant water quality 
issue. Therefore, the Department has included requirements in this permit condition to gather 
information regarding existing efforts and conceptually develop proposed actions to address 
hydromodification where applicable. 

The Department acknowledges that addressing hydromodification issues has not previously been 
required by the MS4 permits. The Department appreciates the challenges, complexities, cost and 
resource issues that a [co ]permittee faces as it attempts to understand and address hydrologic 
modifications caused by urbanization. Therefore, the Department has developed 
hydromodification requirements that reflect and account for the existing local hydromodification 
focus or knowledge, and recognize that there may be existing knowledge gaps or uncertainty that 
will vary by [co ]permittee. However, the Department also presumes the [co ]permittees will need 
to consider a variety of issues as they address the hydromodification-specific requirements. 
These issues may include, but are not limited to, the local variables causing hydromodification, 
the severity of hydromodification impacts on local streams, the risk or susceptibility of 
waterbodies to current and future hydromodification, existing data or knowledge gaps, and the 
role of LID, GI or equivalent planning, design and construction approaches in addressing 
hydromodification. 

This effort may be refined within the [co ]permittees' adaptive management process, and may 
serve as the initial phase for identifying and conducting additional and more targeted 
hydromodification assessments and studies. Likewise, the Department considers this 
hydromodification requirement to be part of an iterative MS4 permitting approach, and 
anticipates the results of the assessment may serve as the foundation for future 
hydromodification permit requirements. Furthermore, the hydromodification assessment will 
assist in the development of the post-construction performance standards, and may be used to 
inform and complement the development of the stormwater retrofit strategy. 

An adequate initial assessment must explain how current efforts to reduce hydromodification. 
The Department will review the information submitted in the report for adequacy to determine if 
future or additional action is necessary. As part of the adaptive management approach employed 
by the [co ]permittees, the [co ]permittees must consider how future or additional action will be 

16 33 U.S.Code § 12S1(a). 
17 U.S. Environmental Protection Agency. 1993. Guidance Specifying Management Measures for Sources of 
Nonpoint Pollution in Coastal Waters. EPA-840-B-92-002B. Washington, D.C. 
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incorporated into their stormwater management program, and coordination with the 
[co ]permittees, as necessary. 

Condition 6 
Stormwater Retrofit Strategy Development 
The historic focus of stormwater management in urban areas in Oregon was generally related to 
drainage problems and flooding. As a result, water quality impacts caused by urbanization and 
the related stormwater quality management issues have increasingly been documented. 
Stormwater retrofits help improve water quality by providing stormwater treatment in locations 
where practices previously did not exist or were ineffective, including urban areas such as 
parking lots, residential streets, conveyance systems, and landscaped areas. The Department 
acknowledges that it may take decades or longer to address the water quality impacts from 
existing urban development. This permit condition reflects this fact by requiring the 
[co]permittees to develop a stormwater retrofit strategy, including objectives and rationale. In 
addition, the permit requirements direct the [co ]permittees to summarize current efforts and 
costs, evaluate new stormwater control measures, identify high priority retrofit areas and 
stormwater control measure projects or approaches, and provide an estimated timeline and cost if 
the retrofit strategy were to be implemented. 

The Department acknowledges the [co ]permittees may be at different stages of information 
gathering, development, and implementation of a comprehensive stormwater retrofit strategy. 
The [co ]permittees' efforts to address this permit condition will reflect their current status, with 
the understanding that the development and implementation of a retrofit strategy will require an 
ongoing, systematic evaluation, modification, and implementation over multiple NPDES permit 
cycles. The information that is identified in the retrofit strategy plan will be used in the 
development of stormwater retrofit requirements in subsequent permits, and the plan will be 
adjusted as new information, costs, opportunities, technology and timelines become available. 

The [co ]permittees will consider a variety of issues and concepts in developing their stormwater 
retrofit strategy, including how stormwater quality problems or pollutants of concern will be 
targeted, consideration of local development factors and existing conditions, potential 
construction, operation and maintenance cost implications, and how implementation of the 
retrofit strategy will complement other resource, restoration or municipal planning efforts. The 
Department anticipates the [co]permittees will incorporate LID, GI or an equivalent planning, 
design and construction approach in the development of their retrofit strategy. The Department 
encourages the [co]permittees to promote public involvement early and often throughout the 
retrofit strategy development process. The Department suggests the [co ]permittees review and 
use existin¥ urban retrofit guidance, such as guidance from the Center for Watershed 
Protection. 8 

18 Center for Watershed Protection. July 2007. Urban Stormwater Retrofit Practices, Version 1. O. Urban 
Subwatershed Restoration Manual #3. 
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This permit condition also requires the [co]permittees to identify and implement or construct a 
stormwater quality improvement project during the permit term. Although the Department has 
only require a minimum of one project be completed during this permit term, the [co]permittees 
will consider and implement or construct additional projects during this permit term based on the 
implementation of their adaptive management approach. 

Condition 7 
Implementation Schedule 
The Department has included an implementation schedule summarizing the due dates for 
completion of program element activities or tasks required in Schedule A or the submittal date 
for information or reports related to these activities or tasks. The implementation dates reflect 
the Department's consideration and analysis of the resources (personnel, financial, time) needed 
to complete each action and activity, the current status and future capacity of the local MS4 
stormwater management programs and DEQ's municipal stormwater program, and discussions 
with USEP A Region 10 and stormwater programs in other states. 

Condition 1 
Monitoring Program 

SCHEDULEB 
Monitoring and Reporting Requirements 

The results of the monitoring program are used to evaluate the effectiveness of the stormwater 
management program in reducing the discharge of pollutants to the maximum extent practicable. 
Although knowledge of stormwater management is continually increasing, significant knowledge 
gaps remain. In an ongoing effort to reduce the knowledge gaps as they relate to MS4 program 
management in Oregon, the requirements in Schedule B provide flexibility for implementing a 
monitoring program to improve adaptive program management while identifying an appropriate 
monitoring approach for gathering specific information about stormwater program effectiveness. 

The Department reviewed a recent National Research Council (NRC) report that evaluated urban 
stormwater management in the United States prior to the development of the Schedule B permit 
conditions. 19 Many of the report's monitoring suggestions are broad in scope and involve 
cooperation among regulated entities to improve efficiencies and work toward watershed-based 
programs. The MS4 monitoring section of the report discusses the need to structure monitoring 
programs to address monitoring objectives. The Department has interpreted this to mean that 
MS4 [co ]permittees should have flexibility to make the most efficient use of resources in 
addressing specific monitoring objectives. 

The report also focused on monitoring methods, increasing the value of storm event data sets, 
and elements of site characterization. In addition, statistical approaches to assess monitoring 
goals and developing a baseline determination of site characterization are suggestions in the 
NRC report. 

19 National Research Council. 2008. Urban StormwaterManagement in the United States. Washington, DC: 
National Academies Press. 
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The Department also considered the extensive resources necessary to conduct a monitoring 
program to produce quality data, and the importance of appropriately balancing the expenditure 
of limited program resources between implementation and verification of program effectiveness. 
The Department expects a suitable level of environmental monitoring (i.e., field monitoring) be 
conducted, along with the identification and evaluation of supplemental data/information, in 
order to continue to build datasets and knowledge for the adaptive management of the 
stormwater programs. 

This permit condition continues to require that the monitoring programs incorporate six 
monitoring objectives similar to the monitoring objectives listed in the existing permits, with 
minor modifications for clarification. The six monitoring objectives establish the foundation for 
a broad monitoring program intended to address complex issues related to stormwater 
management, including source evaluation, best management practice effectiveness, pollutant 
discharge characterization, and the related status and trends in water quality. 

This permit condition also continues to require an appropriate level of environmental monitoring 
be conducted during the permit term to ensure ongoing collection of monitoring data to support 
effective stormwater management decision-making and the identification of water quality 
improvements. The environmental monitoring requirements identified in Table B-1 are based on 
the Department's review of the [co]permittees' proposed monitoring program, and reflect a 
commitment that the environmental monitoring activities will contribute to addressing select 
monitoring objectives. Table B-1 also ensures that data collection for applicable 303(d) and 
TMDL pollutant parameters is continued, monitoring approaches and collection methods that 
will allow for appropriate statistical analysis are utilized, and data related to pesticides in urban 
stormwater is collected. Table B-1 includes instream biological monitoring (e.g., 
macroinvertebrate survey) to provide a more comprehensive assessment of water quality. 

Table B-1 also includes a pesticide monitoring requirement not previously included in the 2004 
permit. The Special Conditions portion of Table B-1 lists the most commonly used urban 
pesticides in Oregon, as identified by the state's Water Quality Pesticide Management Team. At 
a minimum, the [co ]permittees must consider the pesticides on this list in preparation of the 
monitoring plan to address the pesticide monitoring requirement in Table B-1, and in the final 
selection of the pesticides that the [co ]permittee will incorporate into their environmental 
monitoring activities. The [co ]permittees are not required to, or limited to, selecting pesticides 
from the list, but the [co ]permittees must provide the rationale for why the pesticides identified 
on this list were either incorporated or excluded from their environmental monitoring activities. 
The Department will assist the [co ]permittees during the first three months subsequent to permit 
issuance with the development of the pesticide selection rational, and the ultimate selection of 
pesticides that will be monitored. 

The monitoring requirements in Table B-1 become effective when the monitoring plan has been 
developed and implemented by the [co ]permittee in accordance with the Schedule B 
requirements, and no later than July 1,2011. The previous permit requirement to conduct 
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program monitoring, including monitored activities and performance indicator metrics, has been 
removed from this permit condition, and has been effectively replaced by the measurable goals 
requirements identified in Schedule A, Condition 4, as previously discussed. 

Condition 2 
Monitoring Plan 
The development and implementation of a comprehensive monitoring plan is required by this 
permit condition. The monitoring plan should guide the [co]permittees in addressing the 
monitoring program objectives and serve as a key component in the adaptive management of the 
stormwater program. Addressing the six monitoring objectives will typically require a different 
monitoring strategy or project design, and resource availability often limits the number of sample 
events, sample locations and pollutant parameters that can reasonably and cost-effectively 
collected and analyzed during a permit term. As a result, this permit condition allows the 
[co ]permittees some discretion on the types of information that can be used to support the 
evaluation of program effectiveness. The [co ]permittees will use a variety of information sources 
and environmental monitoring activities to address the monitoring program objectives, including 
measurable goals, historical monitoring data, stormwater pollutant load modeling, national 
stormwater monitoring data, academic stormwater research, and/or results from coordinated 
monitoring efforts conducted through intergovernmental agreements. 

This permit condition specifically requires the identification of how each of the six monitoring 
objectives is addressed. For example, [co]permittees must document in a monitoring objectives 
matrix or similar document the sources of information, stormwater program best management 
practices or environmental monitoring projects or tasks will be used to address the six 
monitoring objectives. 

The permit no longer incorporates the monitoring plan by reference, but prescribes specific 
conditions that must be met for permit compliance. This approach will provide the [co ]permittees 
the flexibility to design, implement, and modify a monitoring program, particularly specific 
environmental monitoring projects or tasks, based on changing conditions or additional 
information without necessitating a formal permit modification. Modifications to the 
[co ]permittees' monitoring plans will still require the [co ]permittees to request and receive 
Department approval unless the specific conditions highlighted in this section are met. 

This permitting approach will result in more detailed monitoring plans, which will provide 
additional transparency into the collection, analysis, assessment, and use of monitoring data. 
This approach will provide the public with a reasonable assurance that the development and 
implementation of the monitoring program is based on the outlined permit requirements, and can 
be appropriately used to evaluate program effectiveness. 

In the development of this permit condition, the Department determined the [co ]permittees will 
need additional time immediately following permit issuance to incorporate the monitoring 
requirements into the monitoring plan. the monitoring plan must be submitted to the Department 
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by June 1,2011 for review, and the monitoring plans that incorporate the applicable monitoring 
plan requirements will be approved accordingly by July 1,2011. 

This permit condition outlines the specific information that must be included in the monitoring 
plan for each environmental monitoring project or task, including those necessitated by the 
requirements identified in Table B-1. This permit condition generally requires documentation of 
the planning, implementation, and assessment procedures, including specific quality assurance 
and quality control activities, which are necessary to obtain the type and quality of 
environmental data and information needed for its intended use. As a result, the environmental 
monitoring will begin upon monitoring plan approval, and no later than July 1, 2011. However, 
the Department will consider results related to environmental monitoring activities conducted 
prior monitoring plan approval acceptable to meeting Table B-1 requirements only if they are 
collected in accordance with the approved monitoring plan. 

The Department has developed a template as an example of an acceptable format for 
documenting the planning, implementation, and assessment procedures. 20 This documentation is 
of particular importance since the environmental monitoring proj ects or tasks will often be 
conducted to address the permit requirements identified in Table B-1. Likewise, this permit 
condition further strengthens the relationship between monitoring and stormwater program 
decision-making by requiring the [co]permitlees to identify the relationship between permit-term 
monitoring activities (e.g., environmental monitoring) and a long-term monitoring strategy. By 
identifying this relationship, there will be further guarantee that an ongoing and prioritized 
collection of monitoring data is collected and available to adaptively manage the stormwater 
programs. 

Condition 3 
Sampling and Analysis 
The sampling and analytical requirements presented in this permit condition establish the 
provisions for collection and analysis of environmental monitoring data to ensure appropriate 
data are available to support adaptive stormwater management. In-stream monitoring supports an 
overall assessment of receiving waterbody health, and can be used to determine water quality 
status and trends. Although the permit allows in-stream monitoring during the dry season in 
western Oregon, which is useful for seasonal comparisons, this permit condition requires at least 
50% of all in stream monitoring will be conducted during the wet-season, when discharges from 
the MS4s are more prevalent. A minimum time period of 14 days between in-stream monitoring 
events has also been established to address potential auto correlation in the monitoring data. The 
intent of this requirement is not to discourage continuous or frequent sampling. but to ensure that 
sampling events are spread out to represent varying conditions when sampling is less frequent. 
Similarly, the stormwater sampling requirements specify what conditions qualify as an 
acceptable storm event. 

20 Department of Environmental Quality. January 20,2010. Quality Assurance Project Plan (QAPP) Template. 
Version 2.4. DEQ04-LAB-0029-TMPL. 
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Sample collection for stormwater monitoring must be conducted via the flow proportional 
composite method during stormwater runoff producing events that represent the local or regional 
rainfall frequency and intensity. Due to the cost associated with mobilizing for stormwater 
monitoring, and considering the type of rainfall events in western Oregon, the Department is 
providing the [co ]permittees with flexibility to target a variety of rainfall events. The rainfall 
events that are targeted should include rainfall events that may yield high pollutant 
loads/concentrations by representing a range in types of expected events based on factors such as 
rainfall intensity and duration, and antecedent dry period. 

This condition allows the [co ]permittees to employ a time-composite or grab sampling method if 
the flow proportional composite method is shown to be infeasible or scientifically unwarranted. 
In allowing this flexibility, the Department acknowledges a specific monitoring project or 
pollutant parameter may warrant the use of the time-composite or grab sampling method, but 
ultimately requires the [co ]permittees to document their rationale in the monitoring plan that 
must be reviewed and approved by the Department. 

The most recent publication of 40 CFR 136 is referenced in this section of the permit. Although 
it contains multiple EPA approved and standard methods for the examination of water and 
wastewater, some methods may not be specified. In those cases, the [co ]permittees may use 
alternative methods with consultation and approval by the Department. 

Condition 4 
Coordinated Monitoring 
This permit condition specifies the requirements that must be met for [co]permittees to use 
coordinated monitoring as a means to address their environmental monitoring requirements. The 
environmental monitoring requirements are identified in Table B-1. In light of the fact that 
environmental monitoring data must be collected and analyzed in accordance with a monitoring 
plan that reflects the requirements in Schedule B.2.d., the Department established a requirement 
that an agreement is established prior to the coordinated environmental monitoring being 
conducted. The Department does not, however, expect the agreement to be formal, such as a 
signed contract or intergovernmental agreement, as long as each party participating in the 
coordinated monitoring activity understands their roles and responsibilities, and the agreement is 
documented. 

Condition 5 
Annual Reporting Requirement 
The annual reporting requirements are similar to existing permit requirements and are largely 
derived from the federal stormwater regulations. 21 This permit condition has been modified to 
add clarity and reflect updated permit language, such as reporting progress towards meeting 
measurable goals, and has added requirements to report the status of any education and outreach 
effectiveness evaluation and proposed modifications to the monitoring plan. 

21 40 Code of Federal Regulations § 122.42(c) 
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The permit condition requires the annual report be made available electronically as part of the 
formal submittal to the Department and on the [co ]permittees' website or other similar method 
approved by the Department to further enhance the transparency of the storm water programs. 

Condition 6 
MS4 Permit Renewal Application Package 
The [co ]permittees must submit a permit renewal application 180 days prior to the permit 
expiration date to continue permit coverage for MS4 stormwater discharges in the event the 
permit has not been renewed prior to expiration. This permit condition describes the information 
that must be provided in the renewal application. Renewal applications must contain the 
modifications to the stormwater program the [co]permittees propose to make, including proposed 
alterations to the SWMP. The [co]permittees will provide a narrative summary of the proposed 
SWMP modifications in the renewal application, and will formally update their SWMP or other 
documents to reflect the Department's determination of the adequacy of the SWMP in reducing 
pollutants to the MEP prior to public notice of the draft permit or in accordance with new permit 
conditions once the permit has been renewed. The Department will evaluate the SWMP based 
upon the information submitted with the permit renewal application and all other relevant 
information, such as annual reports, Total Maximum Daily Load (TMDL) pollutant load 
reduction evaluation, applicable scientific studies, federal requirements, and guidance from 
USEPA. 

This permit condition differs from the previous permit condition in that it includes a requirement 
for [co ]permittees to provide the Department with the information and analysis necessary to 
support the Department's independent determination that the [co]permittees' stormwater 
management program reduces pollutants in stormwater discharges to the MEP, including an 
evaluation of the management practices, control techniques and other provisions using three 
MEP general evaluation factors (i.e., effectiveness, local applicability, and program resources). 
Since each [co ]permittees' MS4 stormwater management program is unique in how it achieves 
the MEP standard, often employing different BMPs or emphasizing different program areas, this 
requirement calls for the use of a defined set of standardized and obj ective criteria for each of the 
three MEP evaluation factors. Using the [co]permittees defined set of objective criteria, the 
Department will verify a consistent application and conduct an equitable assessment of the 
stormwater programs, and determine with a reasonable level of certainty that the stormwater 
programs are achieving the MEP standard. The Department encourages the [co ]permittees to 
coordinate the identification and development of the objective criteria with other MS4 
[co]permittees, and involve the Department early in the permit term to guarantee the 
appropriateness and usefulness of the objective criteria for the Department's independent 
evaluation. 

The MS4 permit renewal package must also include a proposed monitoring program objectives 
matrix and proposed changes to the monitoring plan. The monitoring objectives matrix and 
proposed changes to the monitoring plan should complement the long-term monitoring strategy 
identified in the existing monitoring plan, as required in the monitoring plan permit conditions, 
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and should consider the type of additional environmental monitoring data that is needed in the 
implementation of the adaptive management process. The [co ]permittees may be notified during 
the permit term about monitoring approaches, pollutants of concern or other factors the 
[co ]permittees should consider when updating their monitoring obj ectives matrix and proposed 
changes to the monitoring plan. The proposal will be used in future development of the specific 
monitoring requirements to be incorporated into Table B-1. 

The remaining requirements in this permit condition generally reflect the previous permit 
requirements, except the submittal of the water quality trends analysis and the evaluation to 
determine progress towards applicable TMDL wasteload allocations or previously developed 
TMDL benchmarks (i.e., TMDL pollutant load reduction evaluation), which will be submitted as 
part of the 4th year annual report. 

SCHEDULEC 
Compliance Conditions and Dates 

Compliance dates and conditions have not been included. 

Condition 1 
Legal Authority 

SCHEDULED 
Special Conditions 

The language in this condition requires the [co ]permittees to maintain adequate legal authority to 
implement and enforce the provisions of the permit. The permit language was simplified from 
the existing permits, which reflected permit requirements derived directly from the federal 
regulations22

, and required the [co ]permittees demonstrate adequate legal authority in six specific 
areas. Although the six specific areas and each stormwater program element are not specifically 
identified in this condition, the Department considers the general permit language adequate to 
reflect the complexity of this third-generation permit and captures the objective of this condition. 

Condition 2 
303(d) Listed Pollutants 
This permit condition requires [co]permittees to evaluate 303(d) listed pollutants for those water 
bodies for which TMDLs have not yet been approved by USEP A and that the MS4 discharges. 
The requirements of this condition are similar to the previous permit requirements, and include 
an evaluation to determine the likelihood that discharges from the MS4 cause or contribute to 
water quality degradation, and assessment of the effectiveness of the [co ]permittees' SWMP 
BMPs in addressing and reducing the applicable 3030(d) listed pollutants, and an identification 
of SWMP revisions that may be necessary to address and reduce the 303(d) pollutants to the 
MEP. The [co]permittees must evaluate impairment pollutants that are on the 2010 303(d) list if 
the list is approved by USEPA within three years of permit issuance. 

2240 Code of Federal Regulations §122.26(d)(2)(i), 40 Code of Federal Regulations §122.34(b)(3)(ii)(B), 
(b)( 4)(ii)(A), and (b )(5)(ii)(B). 
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The Department reviewed the 2005 annual report or 2006 Interim Evaluation Report (IER) 
submitted by the [co]permittees describing their evaluation of the 303(d) listed pollutants. The 
Department also considered whether additional whether additional impairment pollutants were 
subsequently added to the 303(d) list after this evaluation, and examined the relationship 
between the proposed BMPs in the [co]permittees' SWMP and the applicable 303(d) pollutants. 
Based on this review, the Department determined that the SWMP included a range ofBMPs that 
address and reduce the applicable 303(d) listed pollutants associated with MS4 discharges to the 
MEP. 

If the [co ]permittees or Department identify that stormwater discharges from the MS4 continue 
to cause or contribute to water quality degradation based on the updated evaluation required by 
this condition, the [co ]permittees must review existing BMPs or identify new BMPs effective in 
reducing the discharge of the identified pollutants to the MEP, and make appropriate changes to 
their stormwater management program and/or SWMP. This condition ensures that [co]permittees 
will consider and undertake actions to address pollutants of concern in the short term for those 
waterbodies that are water quality limited, as required by the adaptive management approach. 

The Department expects that many of the modifications the [co ]permittees make to their 
stormwater management program and/or SWMP to address the 303(d) pollutants may be similar 
to modifications made in response to the TMDL conditions of this permit. Where applicable, the 
Department anticipates the [co ]permittees may be "credited" for the reductions of 303( d) 
pollutants for new or modified BMPs implemented between the approval date of new TMDLs 
and the incorporation of new TMDL pollutant reduction permit requirements if the 
[co]permittees identify a 303(d) pollutant loading baseline and complete a pollutant load 
reduction estimate representing the new or modified BMPs that have been implemented. In this 
instance, the TMDL benchmarks established in the following permit cycle will reflect the 
reductions made in previous years. 

Condition 3 
Total Maximum Daily Loads (TMDLs) 
The Department has developed TMDLs for "water quality limited" or "impaired" waterbodies in 
accordance with Oregon Administrative Code.23 The TMDLs define how much of an identified 
pollutant a specified waterbody can receive and still meet water quality standards. 

The TMDL wasteload allocations (WLA) are the identified maximum load of pollutants an 
identified point source is allocated to discharge into a particular waterway that will allow the 
goals identified in the TMDL to be achieved. The NPDES permits serve as the mechanism to 
require point sources subject to the MS4 permit requirements to address the WLAs.24 

23 Oregon Administrative Rule 340-042-0040 
24 Oregon Administrative Rule 340-045-0015 (2) 
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The objective of these conditions is to ensure a timely pollutant reduction response to TMDLs. 
Since requirements of this condition include compliance implementation dates for submitting 
information (i.e., the wasteload allocation attainment assessment; the TMDL pollutant load 
reduction evaluation; and the permit renewal application), the [co]permittees will likely need to 
begin a comprehensive program evaluation to address specific pollutants or pollutant sources 
identified in the TMDL and develop appropriate revisions to the stormwater management 
program and SWMP several years in advance of permit expiration. 

The Department has determined that the narrative effluent limits identified in the permit 
conditions and SWMPs (including completion of at least one retrofit project), implementation of 
BMPs to reduce pollutants to the MEP, use of the adaptive management process, and the 
completion of a pollutant load reduction evaluation and a water quality trend analysis will reduce 
the applicable TMDL WLA pollutants to the MEP. This permitting approach is supported by 
recent USEPA guidance, which describes that numeric effluent limits reflecting TMDL WLAs 
are only expected to be incorporated into MS4 permits when feasible. 25 

To determine if numeric effluent limits are feasible for incorporation into MS4 permits, the 
Department considered a variety of factors. The Department considered the underlying technical 
work and the vague expectations expressed in the TMDLs, the nature of stormwater discharges 
from MS4s, the geographical extent and spatial scale of the MS4s, the number ofMS4 
stormwater outfalls, available monitoring data (including land use characterization, in stream and 
catchment specific water quality data), the results of pollutant load reduction modeling and a 
water quality trend analysis, and applicable scientific literature and stormwater qualitative 
evaluations (e.g., BMP effectiveness, bacteria source studies). For example, to develop a numeric 
effluent limit that is based on a specific load reduction for municipal stormwater outfalls, the 
Department considered if a detailed analysis of each catchment area associated with the outfalls, 
historical flow and mass data sufficient to establish a baseline from which to calculate 
reductions, as well as, a specific timeframe for achieving the water quality goals was available. 

In its evaluation, the Department identified numerous factors that continue to limit the 
Department's ability to develop an objective, representative and appropriate numeric effluent 
limit for MS4 permits at this time. These factors include the variable nature of stormwater 
discharges, the varying number and size of stormwater catchments and associated outfalls, the 
varying land used characteristics and methods used to determined such characteristics, 
limitations to current models and modeling methods (e.g., non-structural BMP effectiveness, 
estimating future development and redevelopment), and the unpredictability associated with 
stormwater monitoring (e.g., storm chasing). As a result, the Department determined that 
narrative effluent limits (i.e., BMP-based) continue to be the appropriate approach for addressing 
TMDL WLAs in the MS4 permits at this time. 

25 Hanlon, lA. and D. Kechner. November 12, 2010. Revisions to the November 22,2002 Memorandum 
"Establishing Total Maximum Daily Load (TMDL) Wasteload Allocation (WLAs) for Storm Water Sources and 
NPDES Permit Requirements Based on Those WLAs". United States Environmental Protection Agency Memo. 
Office of Water. 
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The requirements of this condition apply to receiving waters to which a jurisdiction discharges 
where TMDLs have been approved by USEP A at the time of permit issuance or within three 
years of the date of issuance of this permit. If a new or modified TMDL is approved by USEP A 
after the beginning of the fourth year of this permit cycle, the subsequent permit will include 
specific requirements to address the TMDL WLAs. In addition, it is important to note that 
TMDLs are issued as Department orders. Should the Department determine that other 
implementation requirements or timeframes are appropriate and incorporated into the TMDL, 
this permit can be subsequently re-opened during the permit cycle. 

Summary of Applicable TMDLs 

The TMDL documents relevant to discharges from these jurisdictions are the Willamette Basin 
TMDLs, approved by the USEPA during September 2006, the Columbia Slough TMDL 
approved by the USEPA during April 1998, and the Tualatin Subbasin during August 2001. The 
TMDL waterbodies that receive stormwater discharges from the jurisdictions are the Willamette 
River and the lower Willamette subbasin tributaries including the Columbia Slough, Johnson 
Creek, and Tualatin River. 

Bacteria (E. Coli as indicator) is the applicable TMDL pollutant for the mainstem of the lower 
Willamette River and other Willamette River tributaries not identified below. The bacteria WLA 
of this TMDL was broadly assessed for MS4s and expressed as a percent reduction. In addition, 
as stated in the Willamette TMDL, "where subbasin TMDLs present load reductions for specific 
waterbodies that are covered by an MS4 permit, those reductions will also be applied to the 
portion of the MS4 area that drains directly to the Willamette River." Results ofTMDL data 
analysis did not substantiate specifying unique point source or non-point source percent 
reductions for bacteria. The TMDL states that water quality standards for bacteria will be 
achieved in approximately 20 years, 

Johnson Creek TMDL pollutants include bacteria (E. Coli), DDTIDDE, and dieldrin. The WLAs 
of this TMDL were broadly assessed for MS4s and expressed as a percent reduction. Similar to 
the bacteria WLA, the Johnson Creek DDTIDDE WLA is specified as a percent reduction. DDT 
is to be used as a surrogate for dieldrin in Johnson Creek, as stated in the Johnson Creek TMDL, 
"ODEQ assumes all allocations and/or surrogate measures developed to meet the DDT criterion 
will also be protective of the dieldrin criterion." The TMDL predicts that DDTIDDE and dieldrin 
chronic fresh water criteria will be achieved in the "near term", with human health criteria 
achieved by 2025 for DDTIDDE and 2045 for dieldrin. 

Tualatin River TMDL pollutants include bacteria (E. Coli), dissolved oxygen (settleable volatile 
solids), pH and chlorophyll a (total phosphorus). Each of these TMDL pollutants will be 
discussed in more detail below. In the Tualatin subbasin Water Quality Management Plan 
(WQMP), the Department recognized that it may take several years to several decades after full 
implementation of best management practices before the management practices become fully 
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effective in reducing and controlling pollution. The Department also recognized that technology 
for controlling some pollution sources (e.g., stormwater) is continually developing, and would 
likely take multiple iterations to develop effective techniques. Finally, the WQMP states, "it is 
possible that after application of all reasonable best management practices, some TMDLs or their 
associated surrogates cannot be achieved as originally established. 

The WLA for bacteria in the Tualatin subbasin TMDL reflects the results of water quality 
pollutant load modeling. The model was calibrated using land use bacteria concentrations 
adjusted to meet the instream bacteria concentrations and predicted runoff volumes. The 
identified bacteria load also accounted for bacteria die-off. The WLAs were set to achieve 
equitable bacteria concentrations for each land use to assist in the assessment of monitoring data 
and to provide targets for runoff quality. The identified bacteria loads were also identified so 
they could be used to guide management strategies designed to reduce the quantity and/or quality 
of runoff. For reasons previously discussed, the Department used this information in 
determining the appropriateness of the BMP-based effluent limits identified in this permit. 

The WLA for dissolved oxygen in the Tualatin subbasin TMDL is expressed as percent 
reduction of settleable volatile solids, as opposed to mass per unit time reductions, since the 
current loadings of volatile solids was not known. Furthermore, as stated in the Tualatin subbasin 
TMDL, "since there is a lack of data on the levels of settleable volatile solids being discharged in 
the Tualatin subbasin, it is expected that the management plans to meet the allocations will 
initially be based on a similar parameter for which data exists. One such parameter is total 
suspended solids (TSS)." The TMDL also states "the [co]permittees will be allowed to use 
combinations of management scenarios that may include flow management designed to integrate 
with solids reductions to meet the instream dissolved oxygen concentration criteria." 

Phosphorus was identified as the primary pollutant leading to exceedances of the chlorophyll a 
action level in the Tualatin subbasin. Dense algal blooms, characterized by high chlorophyll a 
levels led to numerous violations of the pH water quality standard, and may have contributed to 
violations of the DO water quality standard. As a result, WLAs for phosphorus were identified, 
as phosphorus, in combination with light levels and riverine travel times were found to influence 
algal bloom density. Similar to the WLA for bacteria in the Tualatin subbasin TMDL, the WLAs 
for phosphorus were set to achieve equitable phosphorus concentrations for each land use to 
assist in the assessment of monitoring data and to provide targets for runoff quality. The 
phosphorus loads were also identified so they could be used to guide management strategies 
designed to reduce the quantity and/or quality of runoff. For reasons previously discussed, the 
Department used this information in determining the appropriateness of the BMP-based effluent 
limits identified in this permit. 

The Columbia Slough TMDL pollutants include dissolved oxygen (biochemical oxygen demand, 
BODs, as indicator), phosphorus, pH, bacteria (E. Coli as indicator), lead, DDTIDDE, dieldrin, 
dioxin (2,3,7,8 TCDD), and PCBs. No specific timelines for attainment of water quality goals 
were identified in the TMDL. Urban stormwater was analyzed as an aggregate for the pollutant 
analyses, except for the BODs WLA, which was proportioned between urban stormwater 

NWMAR 118532 



Portland MS4 Group 
NPDES MS4 Permit 
Evaluation Report & Fact Sheet 
p. 33 of39 

sources, including the grouped Designated Management Agencies (DMAs) and industrial 
stormwater sources. The TMDL states for BODs that "the DMA WLA will not be included as an 
effluent limit," and implementation ofBMPS will achieve the BODs WLA. No allocation was 
developed for pH. 

Control strategies are outlined for the DMAs relative to each pollutant with a WLA for DMAs. 
Organic toxics, including DDTIDDE, dieldrin, dioxin (2,3,7,8 TCDD), and PCBs were addressed 
in the same control strategy. For bacteria, BMPs are to be implemented to the MEP for urban 
stormwater. As a part of the lead control strategy, the TMDL states that DMAs must "identify 
and implement BMPs in the municipal NPDES permits that will be effective in controlling lead 
stormwater inputs." Relative to organic toxics, the DMAs are to establish a relationship between 
TSS and organics in stormwater that will allow TSS to be used as an indicator, and BMPs 
identified in the MS4 permit conditions must be implemented and monitored for effectiveness of 
TSS removal. GRAMMAR problem and not clear how this relates back to the permit 

Mercury was broadly addressed in the TMDL covering the Willamette River and its tributaries. 
The Water Quality Management Plan associated with the Willamette Basin TMDLs states that 
because the mercury TMDL does not identify source specific WLAs for mercury, "mercury is 
not considered to be a TMDL pollutant under the Phase I MS4 permit provisions. However, 
mercury is a 303(d) listed pollutant in the Willamette Basin, and is therefore subject to 
requirements found in Schedule D of the MS4 permit." 

Waste load Allocation Attainment Assessment 

The reasonable estimate of the number, type, pollutant load reduction, and associated cost 
information related to the BMPs identified by the [co ]permittees as part of the wasteload 
allocation attainment assessment will be evaluated by the Department to identify an appropriate 
objective measure. For example, the Department will use the evaluation to identify an 
appropriate number of retrofit projects, percent of additional effective impervious area to be 
removed or receiving treatment by a structural stormwater control, or some other objective 
measure that can be assessed using the available technologies (i.e., pollutant load reduction 
models, GIS). 

The previous permit required [co ]permittees to "review their SWMP to determine its adequacy in 
reducing TMDL pollutant discharges to the maximum extent practicable and develop pollutant 
load reduction benchmark(s).,,26 This new permit condition continues to require [co]permittees 
reduce pollutant discharges from the MS4 to the maximum extent practicable, and expands this 
requirement by including a wasteload allocation attainment assessment that requires the 
[co ]permittees to estimate the type and extent of BMPs and associated resources necessary to 
attain the existing WLAs. This information will aid the Department in its determination 
regarding the adequacy and appropriateness of the progress being made towards the TMDL 
WLA. 

26 Schedule D.2.d.v. 
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The Department believes that the completion of a wasteload allocation attainment assessment 
will add clarity to the attainability of the TMDL WLA based on current environmental, 
technological, and socio-economic factors, and it will assist the Department in reevaluating 
TMDLs. In conducting this analysis, the [co ]permittees will use pollutant load reduction 
modeling, evaluation of monitoring data, reviews ofBMP pollutant removal effectiveness and 
appropriate use, cost-benefit analysis and other appropriate assessment techniques to identify a 
reasonable estimate of the type, extent and resources necessary to achieve the TMDL WLAs. 
The wasteload allocation attainment assessment may also complement or serve as a key 
component of the [co]permittees' stormwater retrofit strategy. 

TMDL Pollutant Load Reduction Evaluation and TMDL Benchmarks 

The TMDL pollutant load reduction evaluation must be conducted at least once during the permit 
term, and submitted with the annual report completed for the 4th year of permit cycle (i.e., 
November 1, 2014). The evaluation must be based on an empirical pollutant load reduction 
model, water quality status and trends analysis, and other applicable and acceptable quantitative 
and qualitative assessment approaches. The evaluation should reasonably estimate and reflect the 
land use, stormwater runoff, pollutant loading, and effectiveness of storm water control measures 
implemented at the time when the evaluation is conducted. 

The TMDL pollutant load reduction evaluation must incorporate an estimation of the pollutant 
load reduction achieved through the implementation of any structural stormwater control 
measures (e.g., vegetative filter swale, rain garden), and an estimation or consideration of non
structural BMPs (e.g., education and outreach). The pollutant reduction model used by the 
[co ]permittees to estimate pollutant load reductions must reflect generally accepted scientific 
modeling practices and approaches (e.g., Simple Method, Stormwater Management Model 
'SWMM'). The methodology and rationale for the model must be described in the evaluation 
report, including any data or model limitations, data input assumptions, the estimated 
effectiveness of structural BMPs, and the estimation or consideration of non-structural BMPs. 
The [co ]permittees may incorporate the pollutant reduction credit for any structural BMPs for 
this evaluation if operation and maintenance of the structural BMP is covered by their Structural 
Stormwater Control Operation and Maintenance Activities program required in Schedule AA.h. 
of this permit. In addition, if pollutant load reductions achieved through implementation of the 
education and outreach program activities are incorporated into the pollutant reduction model, 
credit for pollutant reduction must reflect the effectiveness evaluation used to measure the 
success of public education activities completed during the term of this permit. 

The TMDL pollutant load reduction evaluation must also incorporate the results of a water 
quality trends analysis and summarize the relationship of this analysis and municipal stormwater 
discharges. The water quality trends analysis must be completed for each waterbody for which 
sufficient data have been collected. The waterbodies must reflect a reasonable representation of 
all of the waterbodies the [co ]permittees discharge to with applicable TMDLs, and include a 
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consideration of the resources that are required to collect adequate monitoring data to complete a 
water quality statistical trends analysis. 

Finally, as part of the TMDL pollutant load reduction evaluation, [co ]permittees are required to 
provide a narrative summarizing progress towards applicable WLAs and TMDL benchmark(s). 
The [co]permittees may not have been previously required to develop a TMDL benchmark as a 
result of final TMDL approval timing, as discussed earlier in this section, or a determination by 
the Department that an applicable WLA has been achieved. If the [co ]permittees estimate that 
TMDL WLAs are currently achieved with existing BMP implementation, a statement supporting 
this conclusion must be provided as well. 

The Department will evaluate the TMDL pollutant load reduction evaluation, and determine 
whether the TMDL WLAs have been achieved based on the submitted information and 
implementation of existing BMPs. If the Department determines that TMDL WLAs are met for 
certain parameters, the [co]permittees do not need to set pollutant load reduction benchmarks for 
those parameters for the next permit cycle. The [co ]permittees will be notified whether the 
Department concurs with the permittees' conclusion that the existing BMP implementation 
achieves the applicable TMDL WLAs within 90 days of the Department receiving the TMDL 
pollutant load reduction evaluation. 

If the TMDL pollutant load reduction evaluation demonstrates that TMDL WLAs are not met for 
certain parameters, the [co ]permittees must develop pollutant load reduction benchmarks for 
those parameters as part of the permit renewal submittal. The benchmarks should reflect 
structural and, where effectiveness information is available, non structural controls implemented 
as part of the [co]permittees' current stormwater management program, as well as any additional 
reductions expected to result from BMPs proposed for the five year permit term. 

The TMDL benchmarks are not numeric effluent limits, the TMDL benchmarks are permit-cycle 
(i.e., 5-year) targets used to assess progress towards meeting the WLA. The [co]permittees will 
continue to adaptively manage their MS4 stormwater programs to reduce pollutants, and identify 
the TMDL benchmarks accordingly. 

Condition 4 
Adaptive Management 
This permit condition continues to require the use of an adaptive management approach to 
support and improve the management of the municipal stormwater programs, including showing 
progress towards applicable TMDL wasteload allocations. The Department acknowledges that 
"the term 'adaptive management' can be understood from a variety of vernacular and technical 
perspectives, and at many scales.,,27 In the scientific literature related to resource management, 
the adaptive management approach has generally been outlined as a structured, iterative process 
that facilitates knowledge through experimental inquiry into defined goals and associated 

27 Allan, C. and A. Curtis. 2005. "Nipped in the Bud: Why Regional Scale Adaptive Management is Not Blooming". 
Environmental Management. Vol. 36(3). pp. 414-425. 
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objectives. This inquiry is conducted in the context of a defined monitoring program, and the 
results of the monitoring are critically assessed to re-evaluate the policy or management 
approach that initiated the inquiry. The Department has included a definition of 'adaptive 
management' in Condition 6 of this section to provide additional clarity regarding the meaning 
of adaptive management in the context of the municipal stormwater permit program. 

The adaptive management approach generally accepts that knowledge of resource systems is 
incomplete and often elusive, and action should not be postponed until the necessary information 
to 'fully' inform the decision exists. 28

,29,3o As a result, it is recognized that there is always risk 
involved in resource management decision-making, and the adaptive management process, if 
properly designed and implemented, should provide feedback to the decision-maker in a timely 
manner to reduce the risk from the uncertainties. Consequently, the Department considers the 
continued use of adaptive management very important to managing the municipal stormwater 
programs to address the variability in stormwater quality, complexities related to local resource 
issues, and the ongoing insights and improvements to stormwater management. 

The potential for effective feedback, improved 'learning' and process transparency can diminish 
when the adaptive management approach is not clearly described?l This permit language 
clarifies previous permit conditions by requiring the [co]permittees to submit a description of the 
adaptive management approach the [co ]permittees intends to use. The adaptive management 
approach the [co ]permittees submit to the Department must be used to routinely assess their 
stormwater programs effectiveness in addressing water quality and protection of beneficial uses. 
The Department has identified five operational 'phases' that the Department anticipates the 
[co ]permittees will consider when identifying their adaptive management approach. The five 
operational 'phases' include 1) implementing a stormwater program, 2) collecting data and 
information, 3) evaluating the stormwater program, 4) assessing and identifying stormwater 
program needs, and 5) developing or modifying the existing program. 

As the adaptive management approach is identified, documented and followed, the actual 
benefits of adaptively managing the stormwater programs, including the effective modification 
of management practices, control techniques and systems, and design and engineering methods, 
will be more clearly understood. This includes considering the scale (e.g., time, space, 
complexity) of the actions that will examined, and how monitoring data or measurable goals 
tracking measures will be collected, analyzed, evaluated, and principally used, particulary since 
the monitoring data and tracking measures are critical to informing decision-makers during the 

28 Lee, K.N. 1999. Appraising Adaptive Management. Conservation Ecology 3(2):3. Online URL: 
http://www .consecol.orglvo13/iss2/art/. 
29 Ralph, S.c. and G.c. Poole. 2003. Putting Monitoring First: Designing Accountable Restoration and 
Management Plans. In: Restoration ofPuget Sound Rivers, Mongomery DR, S. Bolton and D.B. Booth, editors. 
University of Washington Press: Seattle, W A. 
30 USEP A. 2003. Watershed Analysis and Management (W AM) Guide for States and Communities. EPA Watershed 
Analysis and Management Project. EP A-841-B-03-007. 
31 Stankey, George H.; Clark, Roger N.; Bonnann, Bernard T. 2005. Adaptive management of natural resources: theory, 
concepts, and management institutions. Gen. Tech. Rep. PNW-GTR-654. Portland, OR: u.s. Department of Agriculture, Forest 
Service, Pacific Northwest Research Station. 
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evaluation 'phase' of the adaptive management approach (i.e., what has occurred and what is 
likely to happen in the future)?2,33 The stormwater monitoring program requirements identified 
in Schedule B will complement and support the adaptive management approach identified by the 
[co ]permittees. Therefore, the Department has provided the [co ]permittees the flexibility in 
Condition 6 of Schedule B to develop and propose a monitoring program as part of the permit 
renewal application process that addresses monitoring objectives and information needs that will 
be used in the future implementation of their adaptive management approach. 

The [co ]permittees have already developed the foundation for the continued implementation of 
an effective adaptive management approach that addresses the five operational 'phases' based on 
the previous permit requirements, such as evaluating the stormwater program and reporting 
annually. However, the Department acknowledges the timeframe necessary for obtaining the 
type of information that would lead to a SWMP revision is typically greater than one year. 
Consequently, the Department anticipates the [co]permittees will identify an adaptive 
management approach that will be followed annually for examining some elements of their 
stormwater program, while a more comprehensive adaptive management approach will be 
completed at the end of the permit cycle (i.e., permit renewal application process). 

Condition 5 
SWMP Revisions 
The SWMP identifies the structural and non structural actions and activities the [co ]permittees 
will use to reduce the discharge of pollutants from the MS4 to the maximum extent practicable. 
The SWMP is incorporated into the permit by reference; therefore, the actions and activities 
identified in the SWMP are permit conditions subject to permit modification process in 
accordance with Oregon Administrative Rule 340-045-0040 and 0055. These actions and 
activities often address the program elements required in Schedule A and other permit 
conditions. 

Implementation of an adaptive management approach provides the structure to identify 
alterations to the stormwater program or revisions to the SMWP, but the application of an 
adaptive management approach does not absolve the Department from adhering to federal and 
state requirements associated with modifying permit conditions. 

In the development of this permit condition, the Department contemplated how to allow 
[co]permittees the flexibility to efficiently change the SWMP actions and activities while 
providing a reasonable assurance that the public has the opportunity to comment on 
modifications that would change the "nature and scope" of the permit condition. In this 
condition, the Department clarified that revisions to the SWMP that add, reduce, replace or 

32 Stankey, George H.; Clark, RogerN.; Bormann, Bernard T. 2005. Adaptive management of natural resources: 
theory, concepts, and management institutions. Gen. Tech. Rep. PNW-GTR-654. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station. 
33 Bernard T. Bormann, Patrick G. Cunningham, Martha H. Brookes, Van W. Manning, and Michael W. Collopy, 
1994, Adaptive Ecosystem Management in the Pacific Northwest, Pacific Northwest Research Station, General 
Technical Report PNW-GTR-341, Forest Service, U.S. Department of Agriculture. 
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eliminate BMPs, controls or requirements constitute a permit modification. The Department also 
clarified that revisions that substantially change the nature or scope of the BMP component, 
control or requirement will be considered major modifications. This permit condition requires 
the [co ]permittees submit notice of all proposed SWMP revisions to the Department prior to 
initiating the SWMP revision, and outlines a series of conditions and timelines. 

The Department did not include specific criteria related to the basis for determining a substantial 
change in the nature or scope of the SWMP because the Department concluded the range of 
potential SWMP revisions could not be addressed with detailed criteria. 

In the Department's review of historical SWMP revisions, the Department determined that 
revisions that would change the "nature and scope" of the permit conditions were rare, and 
therefore did not initiate the permit modification process. Most substantial changes to the 
stormwater program requiring a revision of the SWMP will occur near the end of the permit 
term, and will be addressed during the permit renewal process accordingly. 

The [co ]permittees may implement short-duration or one-time actions or activities that are not 
specifically described in the [co]permittees' SWMP or the permit. These actions may include, 
but are not limited to, pilot projects, public participation events, one-time events, or events of 
limited occurrence that are subsequently reported in the [co]permittee's annual report. These 
actions are part of the adaptive management process, but must be tracked and evaluated 
accordingly by the [co]permittees to assess if the action or activity should become a standard, 
common or frequent best management practice, and thus incorporated into the SWMP. These 
actions and activities are not considered to be SWMP revisions, unless or until specifically 
requested as such by the [co ]permittees or when initiated by the Department. 

The Department may also initiate changes to the SWMP based on concerns about water quality 
impacts of stormwater, a need to maintain compliance with federal or state regulations, or if 
information demonstrating that certain BMPs are no longer appropriate becomes available. This 
permit condition describes the actions the Department will take to initiate a SWMP revision and 
provide the [co ]permittees an opportunity to respond. 

Condition 6 
SWMP Measurable Goals 
As referenced in Schedule A.3.a.i., the Department has included SWMP measurable goal 
conditions that must be incorporated into the SWMP by April 1,2011. These conditions are 
related to several comments concerning SWMP measurable goals the Department received 
during the public comment period. As a result, the Department reviewed measurable goals for 
the municipal operations and maintenance, construction and development, capital improvements, 
retrofitting, and hydromodification program elements (determined to be BMPs of highest 
priority), and any program area specifically referenced in public comments. 

During the review, the Department identified measurable goals that did not specify objectives or 
targets, or had been substantially altered from the SWMP measurable goals submitted with the 
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permit renewal application in 2008. Examples of substantially altered or non-specific SWMP 
measurable goals in the City of Portland's SWMP include: a) altering the frequency of the street 
sweeping, b) removal of identifying two additional pesticide-free parks, and c) removal of the 
implementation of eight (8) green streets. 

Upon review, the Department evaluated what measurable goals for program elements would be 
necessary to collectively reduce pollutants to the MEP, and concluded that the conditions added 
to this section will adequately address the altered or non-specific SWMP measurable goals. For 
example, the Department determined that water quality protection will be equal to or improve if 
the City of Portland's collectively focus their street sweeping program on arterial streets and a 
fee-funded leaf collection in leaf removal districts, continued implementation of three pesticide
free parks and provide related training to continue volunteer involvement, and increase the 
retrofit area receiving stormwater treatment from 17 acres to 336 acres(see BMP STR-l); 
therefore, the Department incorporated specific measurable goal permit conditions accordingly. 

Condition 7 
Implementation Schedule 
The Department has included an implementation schedule summarizing the due dates for 
completion of new program element activitieis or task required in Schedule B and Schedule D, 
or the submittal date for information or reports related to these activities or tasks. The 
implementation dates reflect the Department's consideration and analysis of the resources 
(personnel, financial, time) needed to complete each activity or task, the current status and future 
capacity of the local MS4 stormwater management programs and the Department's municipal 
stormwater program, and discussions with USEP A Region 10 and stormwater programs in other 
states. 

Definitions 
The definitions provided in this permit condition provide additional clarification related to MS4-
related terms, and generally reflect commonly understood and agreed upon descriptions to 
municipal stormwater concepts. The definition of antecedent dry period was also clarified to 
mean the period of dry time between runoff producing storm events, which the Department has 
identified as any precipitation event that is greater than 0.1 inch. 

SCHEDULEF 
General Conditions 

The general conditions that are applicable to all NPDES permits are included in this section. 
They address operation and maintenance, monitoring and record-keeping, and reporting 
requirements. The Department recognizes that some of these conditions do not readily apply to 
municipal stormwater discharges. However, the stormwater permits are NPDES permits, and 
these conditions are required for all such permits. Where a conflict exists, the general conditions 
included in this section are superseded by the conditions in Schedules A and D. 
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Introduction 

Port of Portland 
Municipal Storm Water 

Annual Report 
Permit # 101314 

Submitted September 29, 1998 

This report is submitted to the Oregon Department of Environmental Quality (DEQ) in 
compliance with the NPDES Municipal Separate Storm Sewer System Discharge Permit 
(Municipal Permit) requirements. As a co-permittee, the Port of Portland (Port) annual report 
contains the information required by the Municipal Permit schedule B (6) and (7a.-d.). Please 
refer to the introductory section and executive summary of the entire co-permittee submission 
for report format details. All tables and figures referenced throughout this report are compiled 
in Appendix 1 and Appendix 2 respectively. 

Schedule B (7 a.-b.) of the Municipal Permit requires a description of implemented components 
and changes to the Port's proposed Municipal Storm Water Management Plan (MSWMP). The 
Port MSWMP, submitted in the Part 2 NPDES Municipal Permit application, was approved by 
the Oregon Department of Environmental Quality (DEQ). The Port MSWMP describes a series 
of Best Management Practices (BMPs) to be implemented throughout the 5-year Municipal 
Permit term. The MSWMP BMPs were selected to satisfy the requirements for municipal 
compliance promulgated in 40 CFR 122.26(d)(2)(iv). The MSWMP BMPs are reviewed below 
in the same order as they were listed in the submitted MSWMP. The BMPs were fully 
described in the Municipal Permit application referenced above. For the purposes of this 
annual report, only the BMP description, status, implementation activities, and any proposed 
BMP changes will be discussed. 

Schedule B (6) and (7c. - d.) of the Municipal Permit requires permittees to submit a summary 
of the analytical data collected for municipal monitoring compliance. The analytical data 
representing the quality of storm water runoff from various land uses within the municipal permit 
jurisdiction, and therefore the Port, are included in the Portland Urban area data analysis 
included in the final section of the co-permittee report document. 

The Port submitted the completed Port Municipal Storm Water Monitoring Program to DEQ 
April 8, 1998. Following submittal, the Port initiated the BMP monitoring portion of that Port 
Monitoring Program. It has been identified by Oregon municipalities, the Association of Clean 
Water Agencies (ACWA), and other agencies that there is a need for storm water BMP infield 
monitoring. The Port has implemented a program to test three typical storm water BMPs 
including catch basin filters, an oil water separator, and a Stormceptor unit. The data will be 
submitted each year in the annual report and will also be shared with the co-permittees, ACWA, 
and other state agencies. The first set of data from the 1998 sampling are presented in Tables 
1-3. 

The Port's owns and/or manages approximately 9,700 acres in 4 operating areas within the City 
of Portland Urban Services Boundary, including: the Portland Ship Repair Yard (PSY), the 
Portland International Airport (PDX), several industrial parks, and the marine terminals. The 
operating areas were described in full in the Part 2 NPDES application, therefore, only a brief 
description is provided below. 

1 
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The industrial permit compliance monitoring data from samples collected at specific Port 
industrial outfalls for the 1997/1998 season are included in Tables 4-9. The Port Industrial 
Storm Water Permit data represents the runoff quality from the range of industrial activities 
occurring on Port property. Samples were collected from PSY, PDX, and Marine Terminal 6 (T-
6). These samples are representative of a variety of activities, including transportation, 
industrial, and commercial land uses. Although this data set was collected as part of the Port's 
Industrial Storm Water Permit compliance, it effectively represents a portion of the municipal 
storm water monitoring requirements and is therefore included in this annual report .. The grab 
sample analysis from the industrial sampling was used to estimate pollutant loads for each 
storm sampled and each sampling location. 

Airport 
Portland International Airport (PDX) is approximately 3,229 acres in size and is located in 
Northeast Portland. The airport storm water runoff discharges into the Columbia Slough 
through a series of 9 outfalls. PDX is regulated under the General Industrial Storm Water 
Permit 1200-T. Tenant co-permittees are listed in Table 10 of this report. 

Industrial Parks 
The industrial parks managed by the Port include Swan Island/Port Center, Rivergate, Mocks 
Landing, and Portland International Center. The approximate total industrial/commercial park 
area is 3,838 acres. The Port has sold much of the property in the above mentioned parks, and 
the remaining property is approximately 80% leased. Figure 1 is a map of Swan Island, Mocks 
Landing, and Port Center, Figure 2 is a map of the Rivergate District. The maps show Port 
owned property, leased property, and sold parcels. The storm runoff from the industrial park 
areas discharges to the Willamette River, the Swan Island Channel, and the Columbia Slough. 
Tenants located in the industrial parks are responsible for obtaining and complying with 
applicable permits independent of the Port. The industrial park tenants with NPDES permits . 
are listed in Table 10. 

Marine Terminals 
The marine terminal operating area includes five terminals occupying approximately 1,023 
acres. The storm water runoff from the terminal areas enter into the Willamette and Columbia 
Rivers, and the Columbia Slough. Marine tenants with NPDES permits are listed in Table 10. 
Terminal 6 (T- 6), the only Port terminal located on the Columbia River, is operated by the Port, 
and complies with the 1200-Z permit. 

Ship Repair Yard 
The Portland Ship Repair Yard (PSY)'consists of approximately 94 acres located on Swan 
Island in North Portland. The Ship Repair Yard is leased to, and operated by, Cascade 
General. Cascade General is responsible for daily environmental compliance. The industrial 
storm water permit at PSY, 1200-Z, is now in the operator's name, with the subtenants listed as 
co-permittees to the permit. The list of PSY tenants and co-permittees is included in Table 10. 

Port of Portland Organizational Structure 
Figure 3 is an organization chart of the Port's Environmental Program. The Environmental 
Services Division (ESD) is a corporate branch of the Port's Policy and Planning Division, The 
ESD is responsible for overseeing Portwide environmental issues, while the operating areas are 
responsible for day to day compliance. The ESD is responsible for property transactions. The 
ESD provides the property managers with the appropriate environmental language for property 
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transaction documents. If Phase I environmental site assessments or walk throughs are 
required, then ESD is responsible for scheduling and completion. 

Schedule B (7a. - b.) Requirements 

BMP Number: 
PP1 - Planning and Policy Development 

BMP Description: 
Promulgate policy and practices to address storm water pollution issues on a.ll Port 
lands. 

Status 

The ESD continues to provide policy and program direction to the Port operating areas. Many 
Portwide storm water programs have been developed and implemented for the purposes of 
storm water control and runoff water quality improvement. The ESD's role is to develop the 
required storm water programs, gain approval from operating area management, and then help 
implement the program in the respective areas .. Ultimately the operating area envi[onmenta.1 
staff conducts and maintains the program components. 

The programs that have been implemented and are a part of operating area compliance include 
the Illicit Discharge Detection and Removal Program, the Municipal Storm Water Monitoring 
Program, and the initial phase of the Storm Water Tenant Program. 

A number of storm water related practices were developed during the last permit year. For 
example, PDX has implemented a "No Wash Policy", Marine has implemented a new catch 
basin inspection policy, and PSY has improved the Yard Clean Up and Sweeping Program. All 
new policies, practices, and programs relating to the storm water program will be discussed 
below in the appropriate BMP sections. 

Operating area site specific practices are being improved and developed as operating area 
storm water awareness increases. The Port is dedicated to continued storm water education 
efforts. The site specific pollution control practices developed are documented in the operating 
area Storm Water Pollution Control Plans (SWPCPs). The benefit from these implemented 
practices is monitored via the wet season visual water quality observations, sampling data, and 
dry season screening and sampling data. 

Implemented Activities 

Task 1 
Development of practices is typically concurrent with the implementation of the various portions 
of the program. As guidelines are developed they are documented as part of the 
implementation process. In some cases, documentation may include correspondence to a Port 
tenant and incorporation of a practice in Portwide environmental procedures for storm water. 
Ultimately significant changes to Port practices are presented and approved by Port Directors. 
In all cases, the documentation of the developed practice will be maintained in the Port 
MSWMP, the operating area SWPCP, or other appropriate storm water documents. 
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The ESD has made progress with practices development concerning property inspection walk 
through documentation, tenant follow-up protocols, environmental lease language updates, and 
the Portwide Environmental Management System (EMS) and Environmental Management 
Information System (EM IS). 

Task 2 
Assessment of the water quality monitoring data for Municipal Permit compliance consists of a 
review of the industrial storm water data and the data obtained from the City's monitoring 
program. The monitoring data collected for purposes of the Port's industrial storm water 
compliance are included in Tables 4-9 of this report. The samples collected represent a cross 
section of the industrial activities occurring on the Port's property. In summary, review and 
analysis of the data shows that 100% of the sample results were within the effluent limitations 
by the 1200-T and 1200-L permits, and 95% of the data results were below 1200-Z bench 
marks. Review of the permit jurisdiction data is included in the last section of the overall co
permittee report. 

The assessment of the BMP monitoring data does not directly provide information on the quality 
of storm water leaving Port property. These data will be most valuable after numerous storm 
events have been sampled and analyzed. The intent is to determine infield effectiveness, cost 
effectiveness, appropriate maintenance schedules, and appropriate uses of the monitored 
BMPs. The data from the BMP analysis are presented in Tables 1-3. 

Additional BMP Task 
Task 3 
The operating areas have the lead role in the continued development of the on site specific 
practices to ensure compliance with storm water regulations and progress with storm water 
pollution prevention goals. ,The ESD provides guidance and motivation to continue storm water 
practice development and implementation. New practices are to be documented and 
maintained in the operating area SWPCPs or other appropriate storm water documents. If a 
new practice or.BMP is implemented on Port property that is not covered by a site specific 
SWPCP, then the practice is documented in the MSWMP and maintained by ESD at the 
corporate office. Figure 4 is the Best Management Practice Summary Form that has been 
developed and distributed to appropriate personnel to instigate documentation of new BMPs or 
practices in the operating areas. New operating area practices are described below in the 
appropriate BMP Section. 

ED1 - Employee Education 

BMP Description: 
Inform employees of new storm water pollution control efforts and activities in each Port 
operating area. Provide guidance for implementing where applicable. Cooperate with 
the City's educational programs that relate to the Port operations. 

Status 

The Port continues to make substantial progress with the employee and tenant education BMP. 
Table 11 lists the storm water oriented training accomplished and attended this compliance 
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year. Educational meetings, information exchanges, and presentations have covered a variety 
of BMP topics ranging from de-watering practices to the BMP monitoring program. The 
agendas, list of attendees, and summary of information presented are maintained in either the 
operating area or ESO files, or the Port MSWMP. 

Implemented Activities 

Task 1 
The Port attends ACWA, co-permittee, and other agency meetings focusing on storm water 
education issues. For example, the regional spill meetings are regularly attended by port staff 
or a Port staff representative. 

Task 2 
Operating areas continue to develop and improve employee storm water awareness training. 
Spill procedures and hazardous waste training are conducted at least annually to increase Port 
operating area employee awareness. Monthly safety meetings contain environmental subjects, 
including spill response procedures and hazardous waste management. 

Specific operating area training efforts that have been initiated, implemented, or maintained 
during the 1997/1998 permit year are summarized below. Marine, POX, and PSY have storm 
water inlet stenciling programs in place or are being developed. Stenciling drains is an effective 
education tool that keeps non-storm water discharges out of the system. POX is also 
developing an airport specific environmental training video that will be shown to Port employees 
as well as tenant employees. The Terminal 6 equipment operators received a letter with their 
paychecks that discusses spill and storm water information and procedures. Figure 5 is a copy 
of the letter distributed. Terminal 6 has also applied labels onto each of the toploaders 
operating on site. The labels contain a summary of spill procedures. A copy of the label is 
included as Figure 6. Both of these efforts are very effective employee education methods. 
PSY has also implemented some new training practices. PSY now conducts Environmental 
Awareness courses for supervisors and managers. These new courses, conducted this year, 
are listed in Table 11. All other documentation of operating area training is maintained in the 
operating area environmental files. 

The training conducted or initiated by ESO is documented in the MSWMP. The sign in sheets 
of the personnel attending the training, copies of training materials, and in some cases slides 
and overheads are included in the MSWMP. These materials have been developed and are 
maintained to be used for continued training and awareness meetings throughout the Port. 
These materials are part of the training program that will be continued as part of municipal 
storm water compliance. 

Task 3 
The Port continues to participate with the City and other co-permittees in storm water meetings. 
Information from these meetings is disseminated to the Port operating areas when applicable. 
For example the Erosion and Sediment Control at Small Sites: Simple Best Management 
Practices information developed by OEQ in March of 1998 was distributed to relevant Port 
employees. 

5 

NWMAR 118545 



Additional BMP Task 
Task 4 
The Port Tenant Program continues to be developed. The initial training and awareness 
portions were conducted in 1996 and 1997. The operating areas are continuing with tenant 
meetings during which storm water issues are discussed. POX conducted a tenant BMP 
meeting in May of 1998. POX has developed a BMP Committee program that is an excellent 
forum for BMP training communications with POX tenants. Any tenant environmental meetings 
conducted for the 1997/1998 permit year are listed in Table 11. 

PI1 - Public Programs 

BMP Description: 
Support public programs which increase public awareness of the importance of water 
quality protection. 

Status 

The Port will continue to relay any relevant public information and materials to Port operating 
areas. Port representatives continue to attend City meetings to help promote the Public 
Participation Action Plan developed by the City of Portland Bureau of Environmental Services . 
(BES). 

Implemented Activities 

Task 1 
City storm water related brochures, documents, and pamphlets will continue to be reviewed and 
distributed. Metro Haz-Waste information, spill procedures, and BES developed brochures 
have been distributed to the operating areas. Other relevant information from the Public 
Participation Action Plan will be distributed, when appropriate. 

Task 2 
The Port will continue to participate in projects connected with water quality protection and 
enhancement. The Port contributed to the Clean Rivers Coalition for the 1997 fiscal year and 
will continue to support the Coalition's efforts. An Intergovernmental Agreement (IGA) has 
been signed with the City that provides for, in part, an annual contribution to the Clean Rivers 
Coalition. 

Additional BMP Task 
Task 3 
All three operating areas made contributions to public water quality awareness activities 
throughout the 1997/1998 permit year. POX environmental staff gave a storm water BMP 
presentation to an urban watershed management class at Clackamas Community College. 
POX was a co-sponsor with the City for the Slough Regatta event. The Terminal 6 
environmental staff gave a presentation about marine spill procedures at the Portland regional 
spill committee meeting. This meeting was attended by representatives of several agencies 
from the region. PSY hosted a North West Pollution Research Council Roundtable on shipyard 
pollution prevention. PSY also provided a tour of the shipyard to review storm water 
management for the Portland Community College environmental engineering class. 
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OM1 - Operations and Maintenance Storm Water Quality Facilities 

BMP Description: 
Evaluate existing storm water maintenance practices that affect water quality at existing 
storm water quality facilities. 

Status 

The Port currently complies with 3 industrial storm water permits for Port properties within the 
Portland Urban Services Boundary, two 1200-Z permits issued for Terminal 6, PSY, and one 
1200-T for POX. Cascade General is the operator for PSY and the permit is now in Cascade 
General's name. The operating areas have updated or are in the process of updating the site 
specific Storm Water Pollution Control Plans (SWPCPs). The updates include the new 1200-Z 
requirements and any changes in storm water practices and policies implemented at the facility. 

Implemented Activities 

Each operating area has developed and implemented specific storm water maintenance 
practices relevant to the Port and tenant operations occurring at the facility. Many of the 
maintenance practices were established and implemented over the last 2 years of compliance 
or were in place prior to the regulations. Because much of the work has been accomplished, 
there are fewer new maintenance activities to report in this submission. 

POX 
POX maintenance and the POX environmental staff continue to complete storm water BMP 
maintenance activities according to the SWPCP schedules. Routine BMP maintenance 
completed includes: boom deployment, maintenance, and replacement; straw bale inlet 
protection with regular replacement; inlet filter installation maintenance and replacement; 
detention/quiescent pond cleaning; vegetative swale maintenance; maintenance of oil water 
separators; maintenance of outfall access; and catch basin inspection and cleaning. 

POX has developed a number of BMP maintenance tools including documented schedules for 
BMP maintenance, as well as methods for recording BMP management activities conducted. 
Tables 12 and 13 are examples of the Storm Water BMP Maintenance Schedule and the POX 
Oil-Water Separator Cleaning Program Schedule that have been developed and implemented 
during the past permit year. Figure 8 is an example of the one of the many inspection forms. 
that POX will be using to inspect and record BMP maintenance activities. POX has developed 
inspection forms for documenting the condition of Port areas and the efficacy of Port practices, 
including: Outdoor Material Storage Areas, Oil-Water Separators, Catch Basin Filters, Catch 
Basins, Above Ground Storage Tanks, Fuel Islands, Mobile Fueling, Wash Areas, and a Storm 
Water Cleaning and Repair Log. Examples of these forms can be found in both the POX 
SWPCP and the Port MSWMP. 

POX continues to implement the computerized system that logs the Global Positioning System 
(GPS) location, inspection, cleaning, structural condition, and the condition of filter information 
for each of the 2,648 catch basins, inlets, and manholes at POX. The system documentation 
records will be maintained in the POX maintenance files, POX maintenance cleaned 
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approximately 300 catch basins and inlets during the last fiscal year. When a catch basin, inlet, 
or manhole is inspected a record of the observation is completed and the information is 
transferred to the computerized management system. 

PSY 
Cascade General also retains many of the routine maintenance tasks on a computerized 
system. Storm water maintenance activities conducted by PSY include: boom deployment, 
maintenance, and replacement; maintenance of the ballast water and dry-dock water treatment 
plants; and catch basin cleaning, maintenance, and inspection. The maintenance records are 
maintained by Cascade General in their maintenance ·office. An estimated 100 catch basins" 
per quarter were cleaned and inspected during the 1997/1998 permit year. 

Terminal 6 
The marine terminal maintenance computer systems upgrade has been initiated. The computer 
system has been selected and implementation of the system has begun. All maintenance and 
environmental inspections will be tracked and maintained on the system. 

Storm water maintenance activities completed at T-6 throughout the last permit year include: 
catch basin inspection and cleaning; oil/water separator maintenance; and inlet filter 
maintenance and replacement. All the catch basins, inlets, and storm drain lines atTerminal 2 
and the second half of the catch basins and lines at Terminal 6 were cleaned. The T-6 
maintenance crew was able to clean 153 catch basins and an estimated 13 filters were 
replaced throughout the 1997/1998 permit year. Approximately 3 to 4 cubic yards of materials 
were recovered from the clean out process. The cleaning and waste disposal records are 
maintained in the Waste Stream Management Book in the T-6 Environmental Office. The 
inspections and maintenance schedule has been developed for T-6. The form used to 
document the inspections completed on the fuel island and UST areas is included as Figure 10. 

Industrial Parks Maintenance 
Industrial Parks Properties Maintenance Office is responsible for maintaining all Port 
landscaping for the industrial parks and the majority of the marine terminals. The storm water 
maintenance activities conducted by this maintenance group are limited, and consist mostly of 
informal visual inspections conducted during landscaping. The Industrial Parks Properties 
Maintenance Office adopted a new policy during the 1997/1998 permit compliance year. The 
catch basins located on Swan Island that are on Port property are now cleaned once a year by 
an outside professional contractor. The list of catch basins cleaned was updated and two more 
catch basins were added to the list. The contractor is responsible for proper waste disposal. 
The clean out records are maintained in the Industrial Parks Properties Maintenance Office. 
files. 

Operation and maintenance specifics for each operating area are documented in a number of 
places: the SWPCP; the maintenance computers (PDX, PSY, and Marine); the environmental 
files; and written Standard Operating Procedures. Records and documentation of the 
maintenance activities and inspections continue to improve. 

BMP maintenance efforts that are not associated with a specific operating area or area SWPCP 
are documented in the Port MSWMP. Figure 11 is a copy of the BMP Maintenance Schedule 
Form. This form was distributed to the appropriate Port personnel. Complete BMP 
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maintenance forms will be maintained in the Controls Maintenance Section of the Port 
MSWMP. 

OM2 - Operations and Maintenance - Streets and Vehicle Maneuvering Areas 

BMP Description: 
Evaluate operations and maintenance for the Port roads and vehicle maneuvering areas, 
to determine water quality impacts. Recommend improved procedures or practices that 
reduce the discharge of pollutants to the storm water system. 

Status 

Maintenance of road and vehicle maneuvering areas is conducted by the Port operating areas. 
Marine maintenance, POX maintenance, Cascade General, and the Industrial Parks landscape 
and maintenance crew are responsible for maintaining the surfaces in their respective areas. 
The maintenance plans and SWPCPs for the operating areas address many of the operating 
and maintenance'issuesfor roads and surfaces. 

Currently the most intensive effort concerning road and surface maintenance is sweeping. The 
operating areas conduct sweeping regularly. The exception is the Industrial Parks where the 
sweeping is conducted by outside contractors. Records of sweeping are maintained at PSY, 
POX, and T-6 in the maintenance files. Swept material is stockpiled in a manner that prevents 
impact to storm water runoff. The material is tested for hazardous waste content and 
appropriately disposed at Metro or Sanifill. The sampling and disposal tracking records are also 
maintained in the operating area maintenance files. In some cases, the information is also 
maintained by the operating area environmental staff as part of waste stream management. 

Implemented Activities 

The Port conducts limited deiCing on streets and roads (exclusive of POX). At POX a new "No 
Urea Policy" has been formally adopted. The policy was initiated by a letter sent to all POX 
tenants prohibiting the use of urea for surfaces deicing. A copy of the letter sent is included as 
Figure 12. 

POX Deicing 
POX deicing issues continue to be addressed by Port environmental staff, a consultant team, 
the POX co-permittees, OEQ, BES, and other regional committees. The deicing chemicals 
used at POX are FAA approved. The pavement deicing chemicals used are sodium formate, 
potassium acetate, and magnesium chloride. 

The results from the 1997-1998 deicing projects are being compiled and will be submitted to 
OEQ. The document POX 199711998 Deicing Season End of Season Report, will be available 
for review from the Port or Elliot Zais of OEQ. 

The deicing studies slated for the 1998-1999 season are being developed by the Port deicing 
team and the Port's consultant. The 1998-1999 POX deicing program will be documented in a 
winter operations plan. Many projects initiated last winter will be continued, including aeration 
of the detention ponds, trench drain closure and glycol collection, and deployment of two Glycol 
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Recovery Vehicles (GRV). Other deicing efforts include testing a new pavement chemical, 
potassium formate, using a two step chemical application process, switching the type of 
chemicals applied, adjusting chemical mixers based on application temperatures (to be done by 
airlines), and researching new deicing technologies. 

Records of the deicing studies and projects are being maintained by POX maintenance and 
Port environmental staff. Due to the extent of the projects, the amount of data, and the 
extensive coordination efforts, the POX deicing information is maintained independently of the 
POX SWPCP and storm water files. 

POX Surface Repairs 
Roadway, surface repairs, and painting are conducted by POX maintenance staff. The 
procedures for handling the waste products and cleaning the equipment continue to improve 
through careful storage, application, and disposal. The POX maintenance facility will be 
undergoing construction to eliminate exposure of storm water and storm water runoff to 
potential contaminants. The construction project includes extending the indoor equipment 
storage areas, building an equipment wash bay, building an unloading bay for sweeper and 
catch basin clean'out debris, and installation of a toluene recovery system. The improved 
protocols and waste disposal procedures are documented in the updated POX SWPCP. 

OM3 - Truck Hauling Practices 

BMP Description: 
Inform tenants and Port employees of City truck hauling practices. 

Status 

The Port operating area SWPCPs and maintenance standard operating procedures address 
vehicle operation and maintenance. The Port maintains a minimal fleet and transports small 
enough quantities of significant materials that the truck hauling practices do not apply. 

Implemented Activities 

Task 1 
The Port continues to maintain sound vehicle operation and maintenance practices. Vehicle 
maintenance performed by Port staff is conducted indoors. Scheduled maintenance is 
performed on Port vehicles in order to avoid on road or off site breakdowns that could cause. h 

leaks and exposure of significant materials to storm water runoff. 

Properties maintenance trucks have been installed with metal trays to avoid any leaking of 
spilled materials during the transport of fertilizers and herbicides. Other landscaping materials 
are conveyed on Port property by trained professional landscape contractors hired by the Port. 

Task 2 
The Port will continue to distribute appropriate informational material (concerning trucking 
practices) made available by the City and others to relevant Port operating areas. For example, 
the City's Keep Your Shop In Tune manual was distributed to Port maintenance shops during 
the 1996/1997 permit year. 
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IND1 -Industrial Control 

BMP Description: 
Develop a program to control the discharge of pollutants in the storm water system from 
existing and developing industries on Port property which are not already regulated by 
other NPDES requirements. 

Status 

The Port operating areas ha'¥e been complying with the NPDES industrial storm water permits 
since they were issued by DEQ. Table 10 lists the Port tenants that are complying 
independently with an NPDES permit, and those that are complying with the storm water 
industrial regulations as co-permittees to the operating area permit. Table 10 has been 
updated to reflect current permitting status on Port property. 

Storm water controls and BMPs have been implemented at the Port operating areas in 
accordance with their SWPCP schedules, requirements of the municipal storm water program, 
and ESD or consultant recommendations. The following BMPs have been implemented 
throughout the past permit year: 

PDX 
• New toluene recovery system to be installed 
• New wash bay to be constructed for maintenance equipment and vehicles 
• Storm inlets continue to be stenciled 
• Catch basin filters continue to be installed in PDX maintenance area 
• Dewatering permit sampling and management practices finalized 
• Erosion control training information distributed 
• Erosion control training meetings planned for Fall 1998 
• Tenant BMP committee formed and meetings conducted (monthly) 
• Three maintenance staff storm water trainings conducted 
• Dry season inspections conducted 
• New "No Urea Policy" established and enforced(see Figure 12 for letter sent to tenants) 
• New "No Wash Policy" established and implemented (see Figure 13 for letter sent to 

tenants) 
• New sweeper and catch basin waste containment system to be constructed Fall 1998 
• BMP maintenance schedule developed and documented 
• Developed a storm water training video for tenant and PDX staff training 
• Tenants installing wash pads for containment and disposal of vehicle and equipment 

washing 

Industrial Parks 
• Added two catch basins to yearly cleaning and inspection schedule 
• Revegetated large areas in the Rivergate district 
• Conducted BMP monitoring 
• Conducted dry season inspections 
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PSY 
• Dry dock storm/wash water collection treatment system enlarged to increase holding 

capacity 
• Established new environmental training courses for managers and supervisors 
• Installed approximately 60 new catch basin inserts 
• Increased frequency of yard sweeping and clean up 
• Conducted dry season inspections 

Marine Terminals 
• Constructed a new fuel island at T-6; all storm water drainage goes through the oil water 

separator 
• Downsized the current equipment wash area at T-6 and diverted it to the sanitary sewer 

system 
• Stenciled T-6 inlets along dock 
• Installed spill procedure labels into T-6 large equipment 
• Constructed a hazardous cargo storage area at T -6 for all containers with hazardous 

chemicals. Drainage can be shut off with nearby sluice control valves to prevent hazardous 
materials from entering the Columbia River in the event of a spill of leak 

• Conducted dry season inspections at all terminals 
• Developed catch basin inspection policy - expanding number of catch basins inspected 
• Reduced mowing and chemical applications by planting native species in landscaped area· 
• Developed new BMP inspection schedule and form 

Tenant Properties 
The Port Tenant Program intends to address storm water BMP implementation with all Port 
tenants that have the potential to impact Port storm water quality. The tenant survey and 
tenant meetings have been accomplished and are the first steps in the Program. One goal of 
the Tenant Program is to develop and implement management practices that will help reduce 
the amount of pollutants entering the storm water runoff from existing and developing Port 
tenant properties. PDX conducted a tenant BMP meeting this Spring. PDX is also forming a 
BMP Committee that will focus on deicing and storm water BMPs for PDX and PDX tenants. 

Implemented Activities 

Task 1 
SARA Title III Section 313 facilities were identified through the Portwide tenant survey 
distribution and information compilation. The tenant survey was distributed to all Port tenants in 
August and September of 1996. The tenant survey was the first phase in the Storm Water 
Tenant Program. The survey information continues to be used in the development of the next 
phases of the Tenant Program: the Tenant Site Inspection, and Tenant Follow-up Programs. 

Task 2 
SARA Title III, Section 313 facility inspection procedures have been researched. Developing, 
finalizing, and adopting SARA Title III facility inspection procedures is one of the major goals for 
the 1998/1999 permit year. Once procedures and policies have been adopted by the Port, the 
operating areas will be responsible for implementation and follow up procedures 
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Task 3 
Marine properties currently conducts a number of tenant inspections. The inspections are 
multimedia and are conducted by Marine properties and environmental staff. The intent of the 
inspections is to work cooperatively with the tenants. Other Port operating areas may use the 
Marine inspection program as a model for developing a similar inspection program. The 
inspection procedures, when developed, will include prioritization of inspections, monitoring 
requirements, follow-up procedures, and documentation protocols. 

ILL 1 - Spill Prevention and Response Training 

BMP Description: 
Review required spill response procedures in each operating area. Refine procedures as 
necessary, including improving interagency collaboration. 

Status 

Spill prevention and response plans have been developed and implemented for POX, Terminal 
6, and PSY. The Port operating areas have completed extensive spill training for relevant 
personnel. These operating areas, at a minimum, conduct annual spill training. The spill 
training dates and attendees are recorded in Table 11. The training emphasizes employee 
responsibility for preventing releases to the storm system or the receiving waters. 

POX, Terminal 6, and PSY have also developed both stationary and mobile spill kits in order to 
respond to spills occurring at any location on the site. Marine properties purchased two new 
spill kits in Spring of 1998. These kits are intended for mobile use and will accompany 
maintenance workers as they move from terminal to terminal. Marine will conduct a thorough 
training on use of new equipment this Fall. 

Emergency response procedures have been established for POX, Terminal 6, and PSY and 
employees have been trained in the procedures. The Port has on call environmental response 
contractors for clean up and containment. PSY continues as an active member of the Clean 
River Cooperative for river spills. The operating areas as well as ESO have compiled spill 
response phone lists. The ESO, POX, and Marine also operate 24-hour hotlines in order to be 
responsive to Port property spills at any time. 

Implemented Activities 

Task 1 
POX environmental managers, the Marine Environmental Manager, and ESO representatives 
have attended the City's spill response task force meetings. The Port will continue to 
participate in City training events and attend the City's ILL 1 meetings. 

Task 2 
Written materials regarding spills have been distributed at the spill response task force 
meetings, and have been shared with responsible mangers from the operating areas. Any 
applicable future spill information from the task force meetings will be distributed to the 
operating area environmental personnel, as well as tenants during Tenant Program meetings. 
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Task 3 
Operating area spill response plans have been updated and modified to include all storm water 
requirements as listed in the 1200-T and 1200-Z permits. Spill prevention and response plans 
will continue to be reviewed on a regular basis. 

Task 4 
The co-permittees complying with NPDES storm water industrial permits are required to 
develop facility spill prevention and response procedures. The tenant surveys provided 
information as to which tenants have plans in place. Once the Port adopts tenant inspection .. 
and follow up procedures, tenant spill plans will be reviewed, if required. Any industrial. tenants 
that indicate that a spill plan has not been implemented will be contacted for site review and 
plan development guidance, once protocols are in place. 

ILL2 - Control of Illicit Discharges 

BMP Description: 
Detect and control illicit connections and discharges to the storm water system. 

Statusllmplemented Activities 

Task 1 
The written procedures for the Illicit Discharge Detection and Removal Program (IDDRP) Plan 
were finalized during the 1996/1997 permit year. The program is documented in the Port 
MSWMP, as well as in operating area environmental programs. The program contains the 
Port's procedures for enforcement of Port Ordinance 361; dry season and wet season field 
screening; priority and schedule of major outfall inspections; and discharge sampling, tracking, 
and elimination. The IDDRP lists the Port's public, tenant, and employee awareness efforts and 
activities. Port spill prevention and response procedures are addressed as part of the IDDRP 
as required by40 CFR 122.26 (d)(2)(iv)(8), however the spill response procedures are 
maintained in separate documents located in the operating areas. The program write up also 
discusses how priority outfalls were identified. 

Task 2 
The Port will continue to compile and review all relevant monitoring data for influence of non
storm water discharges. The operating areas, including Cascade General at PSY, are now 
responsible for conducting wet season runoff observations, dry season inspections, and 
monthly inspections of potential significant material leakage or spillage areas. These 
inspections, along with storm water sample collection and analysis, provide information on the 
possible presence of illicit discharges and their sources. Review of this year's industrial data 
supports the conclusion that there are no illicit discharges or connections to the Port's storm 
water system. Analysis of the storm data from the 1997/ 1998 permit year showed that 100% 
of the sample results were within the effluent limitations by the 1200-T and 1200-L permits, and 
95% of the data results were below 1200-Z bench marks. It appears likely that storm water 
quality was not adversely impacted by non-storm water discharges. 

The data from the 1996 study and the results from the previous inspections (1991, 1993) were 
used to determine the Port priority outfalls and the schedule for dry season inspections for the 
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remaining years of permit compliance. Priority outfalls are added to the list throughout the 
permit term based on new data or inspection results. Review of the previous years of 
inspection data indicates that most non-storm water discharges were not illicit discharges, but 
rather permissible discharges, as defined by 40 CFR 122.26 (d)(2)(iv)(8)(1). 

Task 3 
The IDDRP Plan contains a description of the 5 year dry season inspection schedule. The· 
schedule and priority are based on review of the data from the 1996 season, information 
collected in the 1993 and 1991 dry season studies, land use designations, and the location of 
significant material usage on Port properties. 

Table 14 contains the 4-year rotating schedule for Port outfall dry season inspections for 1997-
2000. The operating areas are currently using this schedule to dictate which outfalls they 
inspect each year through 2000. The outfalls that have been identified as priority outfalls are 
inspected every year. 

Task 4 
The developed IDDRP was transferred to the operating areas for implementation and 
compliance responsibility. Program transfer occurred during Spring of 1997. The operating 
areas are responsible for the dry season screening observations, sampling, and investigation 
work. The observations and inspections are documented on forms specifically developed for 
the Port IDDRP. The completed observation forms are maintained in the operating area 
environmental files. The ESD reviews the information and compiles an observation summary 
table. The dry season observation information for the 1997 season has been .compiled and is.· 
included as Table 15. 

For the 1997-1998 dry season, the operating areas inspected all priority outfalls in their 
jurisdiction, plus any outfalls identified for inspection for the 1998 season. The summary results 
from the 1998 dry season are provided in Table 16. If a non-storm water discharge is 
observed, the inspection team collects a sample, completes in field screening analysis, and 
conducts a follow..,up investigation. Samples collected from a non-storm water discharge are 
analyzed for a list of parameters developed to help identify the source of the possible illicit 
discharge. Table 17 contains the sample results for the 1998 follow up work conducted. 

Task 5 
The Port continues to coordinate with the City and DEQ during illicit discharge investigations. 
The City's illicit discharge elimination program (IDEP) team and the Port continue to work 
closely, sharing observation and investigation results and information. 

Task 6 
The Port conducts follow-up actions when necessary. The follow-up and inspection procedures 
are documented in the IDDRP Plan. The Port intends to use Ordinance 361 to conduct tenant 
illicit discharge inspections and elimination of any discovered discharges when necessary. 
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ILL3 - Employee Haz Mat Training 

BMP Description: 
Provide information to employees and tenants on where and how to properly dispose of 
oil, antifreeze, pesticides, paints, solvents, and other potentially harmful materials. 

Status 

The Port continues to coordinate with the City and Metro concerning distribution of hazardous 
materials training information to Port employees and tenants. 

The Port's Risk Management group has completed a Portwide inventory of all hazardous 
materials used throughout Port operated properties. 

Implemented Activities 

Task 1 
The Port will continue to distribute relevant hazardous waste information obtained from the City 
and Metro to the Port operating areas. The Tenant Program will provide a means of distributing 
the Haz Mat training information to Port tenants during training and awareness meetings. 

The tenant awareness meetings, conducted by ESO and the operating areas during the Fall of 
1996 and Spring of 1997, included discussions on the proper disposal of wastes, and provided 
all the attendees with Metro's phone number in the handout materials .. City developed . 
information concerning proper waste disposal of maintenance shop materials was also 
distributed at the tenant meetings. 

POX environmental staff and the POX maintenance group have worked together to improve 
maintenance staff awareness of proper handling, storage, and disposal of hazardous wastes. A 
number of improved waste disposal practices have been developed and incorporated into POX 
maintenance protocols. For example, a toluene recovery system is being built to separate 
hazardous waste constituents (toluene) from paint, to allow for proper recycling and disposal of 
paint. The POX hazardous waste storage area will also be updated. The structural changes to 
the building will provide even greater protection from a release of hazardous materials. 

ILL4 - Illegal Dumping 

BMP Description: 
Reduce the potential for illegal dumping through active property management. 

Status 

Response to illegal dumping problems has varied depending on the area of the problem. 
However, Port operating areas have implemented procedures for dealing with abandoned 
waste. The Port methods of abandoned waste removal described below were implemented 
during the 1995/1996 year and have been effective management practices. 
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Implemented Activities 

Task 1 
Any abandoned solid waste material is removed from Port property and, depending on whether 
the waste is hazardous or non-hazardous, disposed of through Sanifill or Metro, respectively. 
Port staff completes most of the clean ups independently, however, Metro has been contacted 
several times to assist or lead clean-ups of large quantities of solid waste. 

Task 2 
Where possible, fences and locked gates have been constructed to prevent illegal dumping. In 
some areas it is not possible to block entrance to the Port property, so signs and warnings 
against illegal dumping have been posted. The Port landscaping crew, along with operating 
area maintenance personnel, continuously look for abandoned wastes and respond to 
incidences as quickly as possible. 

Task 3 
The Port continues to coordinate with Metro concerning illegal dumping on some Port 
properties. Metro has been very responsive to Port calls concerning abandoned wastes. Illegal 
dumping is also addressed in the City led ILL 1 spill response task force meetings regularly 
attended by Port personnel. 

ND1 - Erosion and Sediment Control 

BMP Description: 
Apply practical erosion, sediment and other controls to reduce all pollutant discharges 
at construction sites associated with properties being developed by the Port. 

Status/Implemented Activities 

Task 1 
The new 1200-CA permit was issued to the Port in the Fall of 1997. The permit covers 
Portwide construction activities. For Port construction projects of 5 acres or larger, the Port 
engineer, together with the construction contractor, compiles an erosion control plan based on 
the 1200-CA requirements and the Port's specifications for erosion control. The erosion control 
plan is reviewed and approved by BES, as well as Port staff. The Port also requires that 
erosion control plans be submitted for construction projects with less than 5 acres of soil 
disturbance. The erosion control plans, for the smaller projects, are reviewed by the Port 
engineering staff, as well as ESD. 

The ESD conducted a number of erosion control training sessions with Port engineers and Port 
construction inspectors. The curriculum was developed cooperatively with DEQ. The training 
slides and overhead materials are maintained in the Port MSWMP for use in annual 
construction inspector training. For the 1997/1998 training, PDX environmental staff are 
working with a consultant to develop a training session. The erosion control training will be 
conducted in the Fall of 1998. The ESD distributed an erosion control and dewatering 
information packet to the relevant Port construction employees in the Spring of 1998. The 
materials distributed included erosion control information from DEQ, the Port Dewatering 
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i, 

Practices, and forms to be used during erosion control and dewatering site inspections. This 
information is included as Figure 7. 

Erosion control compliance was also addressed in the Portwide tenant meetings conducted 
during the previous permit compliance year. Tenants on Port property that are disturbing 5 
acres or more during a construction project are required to obtain a 1200-C NPDES 
construction permit from BES. Tenant erosion control plans are reviewed by BES prior to 
project onset. Port staff also review tenant erosion control plans before construction begins. 

PDX and PIC properties are undergoing the most construction of any of the operating areas. "A 
new PDX environmental staff member will conduct at least monthly PDX wide inspections of .' 
construction projects and construction staging areas. The inspector will verify compliance with 
1200-CA requirements and the new dewatering permit requirements. The inspector will also 
verify that the control measures in place are adequate and installed properly. Inspections and 
follow-up procedures will be documented and filed in the PDX environmental files. 

Task 2 
DEQ issued the Port a Dewatering Permit. The permit allows construction dewatering 
discharges into the PDx/PIC storm water system with eventual discharge to the Columbia 
Slough. The ESD and PDX environmental staff have worked together to develop permit 
compliance procedures. PDX environmental staff is in charge of dewatering sampling, data 
compilation, and report submission for PDX projects. The ESD provides technical oversight 
and assistance. The ESD is responsible for managing dewatering projects that occur on PIC 
property. Tenant construction projects are included in the dewatering permit compliance work 
and are managed by both PDX staff and ESD. 

Dewatering permit compliance procedures include submission of a contractor dewatering plan 
to ESD and PDX. The plan is reviewed and approved by ESD. For tenant projects, a 
dewatering agreement is written and signed by the Port and the tenant. Dewatering samples 
are collected before any initial discharge occurs. The initial sample is analyzed for chemical 
oxygen demand,total suspended solids, turbidity, volatile organic compounds, total petroleum 
hydrocarbons, pH, and BETX (benzene, toluene, ethyl benzene, and xylenes). Based on the 
sampling results, the discharge is treated or discharged to the system. For Port projects, the 
discharge is sampled monthly at the point of discharge to the Slough. For tenant projects, the 
discharge is monitored twice monthly, once at the end of the discharge pipe and once at the 
point of discharge to the Slough. Data is submitted monthly to DEQ as required by the 
dewatering permit. 

Dewatering procedures have been drafted for Portwide construction projects. The Port 
Municipal Permit allows the discharge of "pumped uncontaminated ground water" into the storm 
system. Construction discharges typically fall into this category of a permissible discharge to 
the storm system. Visual observations are conducted and documented to determine if the 
discharges appear to be uncontaminated. The Port dewatering procedures describe the 
monitoring and reporting requirements for each construction scenario. 

The ESD has completed training of staff concerning dewatering issues and monitoring 
requirements. Dewatering specifications have been compiled for inclusion in Port construction 
bid packages. Port construction inspectors will be trained this Fall on implementation of the 
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new dewatering specifications. A copy of the dewatering specifications is included as Figure 
14. 

STR1 - Structural Water Quality Facilities 

BMP Description: 
When warranted and appropriate, based on available water quality monitoring data, the 
Port will develop procedures for construction, maintenance, and monitoring of water 
quality facilities. 

Status 

The Port continues to participate in, and contribute to, water quality projects designed to 
improve the water quality of the Port and urban jurisdiction storm water runoff. 

Implemented Activities 

Task 1 
The Port has been involved in several water quality improvement projects including the 
Leadbetter and Rivergate water quality facilities, the capture and treatment of PSY dry dock 
storm water runoff, the sampling and analysis of the deicing runoff at POX, and the treatment of 
the POX new Economy parking lot runoff. These projects were described in the 1996 annual 
report to OEQ. 

The dry dock storm water treatment plant at PSY has been expanded to increase the capacity
of water treated and held. The capacity has been increased by 1 million gallons. The improved 
system will decrease the treatment bypass and positively impact the water quality discharges at 
PSY. 

Task 2 
Storm water structural BMPs continue to be implemented as needed. Marine has installed a 
new oil water separator at the new fueling island facility. At Terminal 6, 13 catch basin filters 
were installed. At POX, a new trench drain with a closing gate and diversion valves was 
installed around Concourse C to control deicing discharges. A number of tenants have installed 
wash pads. The pads will prevent any pollutants from vehicle and aircraft washing from 
impacting the storm water runoff. At PSY, 60 new catch basin inserts were installed during the 
permit year for storm water protection. 

Please see the list of BMPs implemented in each operating area during the 1997/1998 
compliance year in the Industrial Control BMP discussion above. The monitoring data from the 
storm water industrial permit compliance efforts indicates the success of these management 
practices. 
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IGC1 - Inter-Governmental Coordination 

BMP Description: 
Continue Port coordination with applicable agencies working on regulatory aspects of 
water quality protection including watershed management, combined sewer overflows, 
solid waste and recycling, and industrial waste source control. Cooperate with agencies 
to implement new source or non-source control practices where water quality data 
indicate the need for storm water quality improvements. 

Status 

The Port is currently actively involved with a variety of environmental agencies and programs 
including: the Clean River Cooperative, the Harbor Safety Committee, the Bi-State task force, 
the Lower Columbia Estuary Program, the Columbia Slough Watershed Council, Neighborhood 
Associations, Oregon Association of Clean Water Agencies, Metro, Department of Agriculture, 
Columbia Corridor Association, Oregon Department of Transportation, American Association of 
Airport Executives, Air Waste Management Association, Water Resources Policy Advisory 
Committee, Oregon Health Sciences University, Clean Rivers Coalition, and DEQ technical 
advisory committees. 

Implemented Activities 

Task 1 
The Port continues to coordinate with other government agencies on water quality protection 
activities relevant to Port properties and activities. The Port has participated in coordinated 
efforts in a number of pollution control projects, including the Leadbetter water quality facility, 
and the Rivergate wetlands. The Port has participated in the ILL 1 Spill Response Task Force 
meetings, municipal storm water compliance co-permittee meetings, and the Public 
Participation Action Plan meetings. The Port is also in the process developing a Portwide 
program to address Endangered Species Act compliance issues. Potential changes to storm 
water quality programs are being evaluated in order to improve water quality for endangered 
species and increase protection and restoration of fish and wildlife habitat. 

Task 2 
The Port tenants located in the industrial parks and the marine terminals are required to obtain 
their own storm water permits. Most of the tenants located at PDX are covered under the Port's 
storm water industrial permit as co-permittees. The co-permittees are required to comply with 
the permit requirements and the BMPs established in the PDX SWPCP. The tenants located at 
PSY are co-permittees on the Cascade General 1200-Z permit. All tenants with permits and all 
co-permittees are listed in Table 10. 

The Port works cooperatively with the City's Industrial Storm Water Team sharing information 
concerning tenant industrial activity, drainage areas, and outfalls. The team's objective is to 
bring all regulated industries in the urban services boundary into compliance with the storm 
water regulations. 
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Task 3 
The monitoring data collected for Port storm water industrial permit compliance is included in a 
series of tables following the BMP review section of this report. Evaluation of the data indicates 
that the BMPs in place are effective at reducing pollutants in the storm water runoff. 

The data obtained from the BMP monitoring initiated during the Spring of 1998 will be shared 
with all municipalities and agency interested in the BMP data results. One intent oftheBMP 
monitoring program is to understand in-field effectiveness of commonly used storm water 
BMPs. By sharing this data with other agencies the hope is that the BMPs with the highest 
efficiencies will be implemented, with an overall effect of improving Oregon's water quality. The 
data will be presented to any of the groups listed above with an interest in the results. 

M1 - Water Quality Monitoring 

BMP Description: 
The Port will monitor storm water to characterize typical discharges from the Port's 
municipal system. 

Status 

The Port Storm Water Monitoring Program was updated and submitted to OEQ in April of 1998. 
The completed program components include storm water sample collection and analysis for 
industrial compliance, storm water wet season visual observations, dry season observations 
and sampling, and BMP effectiveness monitoring. The other components of the monitoring 
program that were discussed in the submitted plan include deicing monitoring, tenant 
monitoring, program analysis and effectiveness, and sample collection instructions. 

Storm water sampling accomplished by the Port during the 1997/1998 compliance year 
includes industrial runoff sampling, deicing sampling, and BMP effectiveness monitoring. 

Implemented Activities 

The industrial storm water samples where collected from representative outfalls at POX, 
Terminal 6, and PSY. The sample analysis represents runoff water quality from a wide range of 
industrial, commercial, and transportation activities on Port property. The Port storm water 
Industrial Permit compliance data are presented in Tables 4-9. Tables 7-9 contain the sampling 
analysis results for the grab samples collected at Terminal-6, POX, and PSY respectively. 
Tables 4-6 list calculated pollutant load estimates for the sampled outfalls and storms. The . 
calculations were based on the Rational Method (Q = CIA). 

The Port samplers were provided with binders that contained detailed sampling instructions, 
forms for sample event documentation, and specific site sampling details. The BMP sampling 
will be conducted for the entire permit term. Samples are to be taken during 3 storm events a 
year. Information concerning the storm statistics as well as the area and BMP maintenance is 
recorded and will be used in the detailed analysis of the data. A copy of the form developed for 
use during sampling to record the required information is included as Figure 15. The BMP 
effectiveness sampling binders will be used to train new employees involved in sampling, and 
will establish representative sampling criteria and techniques to be followed by the Port 
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samplers. The consistency in sampling technique will improve the validity of the long term 
sampling analysis. 

The T-6 samples were collected before and after treatment through the new oil water separator 
installed at T-6's new fuel island. The oil water separator model 660-CPS was selected for the 
treatment and flow rate capacity. The data from this first sample are included as Table 1. 

The sampling data from all of the BMP monitoring projects will become more and more 
significant as the number of samples collected and analyzed increases. The statistical review 
of consistent infield effectiveness, the change in BMP effectiveness with the change in BMP 
maintenance, the change in effectiveness with industrial activity area housekeeping and ... 
maintenance, and overall cost effectiveness of the BMP will be more meaningful as the amount 
of sample data from each BMP increases. However, for the first set of data, the results from 
the oil water separator were impressive. The inlet sample contained 228 mg/L of oil and grease 
and the outlet sample analysis for oil and grease was below the laboratory detection limit of 5.0 
mg/L. The oil water separator was installed in winter of 1998 and was not cleaned prior to the 
April 23rd sampling. 

The PDX samples were collected upstream of two catch basin inlet filters and then down pipe, 
after filtration. Again, there is only one set of data to be analyzed, however, the analysis 
showed marked improvement after filtration. The filters installed are called "Stream Guard" and 
are designed to remove sediment and oils. The upstream samples (two were collected) had 
TSS results of 77.0 and 35.0 mg/L. The filtered sample had a TSS result of 25.0 mg/L. The 
two upstream samples both had oil and grease detected at 15.0 mg/L and 5.98 mg/L. The 
filtered sample results for oil and grease were below the laboratory detection limit of 5 mg/L. A 
summary data table is included as Table 2. The filter inserts tested had been installed 
approximately 3 months prior to sample collection. At the time of sample collection the filters 
had not been cleaned or replaced. 

The final BMP sample was collected at a tenant facility on PIC property (Table 3). The tenant is 
responsible for all environmental compliance at the site and is responsible for the design and 
implementation of the "Stormceptor" unit installed before the outfall to the Columbia Slough. 
The new outfall is a tenant owned and permitted outfall. The tenant is cooperating with the 
Port's storm water efforts and allowing the monitoring to be conducted by the Port. The 
samples at the PIC "Stormceptor" were taken on May 8th 1998. Unfortunately the analysis 
conducted on the first sampling from the unit was incorrect and the data obtained was 
inconclusive. Two of the main parameters analyses of interest, TSS and oil and grease, both 
resulted in values below the laboratory detection limit in both the upstream and downstream 
samples. The 1998/1999 compliance sampling will provide more "Stormceptor" data. No 
maintenance has been performed on the unit to date. 

The municipal regulations require sampling to be completed to represent various urban land 
uses within the permit jurisdiction. The City of Portland's municipal sampling program 
accomplishes this portion of the regulatory requirement. Port collection of municipal land use 
samples would be a duplication of effort. The DEQ has agreed that the Port is not required to 
conduct independent municipal land use storm water monitoring. 
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LM1 - Landscape Maintenance Practices 

BMP Description: 
Review landscaping maintenance practices. Recommend the use of vegetation which 
reduces the need for pesticides, herbicides, fertilizers and water where practical. 

Status 

The Port works with the City to provide landscaping information to the Port landscape crews. 
Port landscaping crews attend local agency meetings and have been working with the 
Department of Agriculture on vegetation management. Port crews also work with the Portland .. 
Parks and Recreation Department to stay current on pesticide application licensing 
requirements, regulations, and techniques. 

All chemical applications on Port property are conducted by licensed applicators. All chemicals 
are used according to manufacturers' instructions. 

Implemented Activities 

The environmental staff at each of the operating areas is responsible for input and review of 
chemical applications in their respective jurisdictions. For example, PDX staff are having a 
consultant research alternative rodenticides for use at the airport. The intent of the study to find 
a way to reduce the amount of the current chemical used, or replace the current product. ESD 
continues to provide guidance to the operating areas on landscaping issues. 

As part of a wetland mitigation effort, the Port Industrial Properties crew planted many acres in 
Portland with native plants and trees. A total of 4.8 upland plantings, 0.9 acres of conifer 
planting, 7.6 acres of shrub thicket, 6 acres of emergent wetland, and 2 acres of meadow were 
planted and are maintained by the Industrial Properties crew. 

The Industrial Properties landscape crew is responsible for the majority of landscaping in the 
industrial parks and marine terminal areas. The crew continues to work cooperatively with the 
Department of Agriculture to help control invasive plant species using biological controls 
(insects) instead of chemicals. The crew continues to monitor and improve mowing practices to 
help control spread of invasive plants without the use of pesticides. 

An Integrated Vegetation Management Plan has been prepared by the Port. The plan will be 
reviewed and updated to address possible reduction of chemical usage or changes in the .... 
products used, where applicable. 
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Table 1 

BMP Effectiveness Monitoring Data 
Terminal 6 
Oil Water Separator 660 - CPS 

Results 
Parameter Sample Date inlet pipe 

TSS 4/23/98 82.0 mg/I 
pH 4/23/98 7.2 
Oil & Grease 4/23/98 2281)1g/1 
TPH polar 4/23/98 38.5 mg/I 
TPH non- polar 4/23/98 189 mg/I 
Benzene 4/23/98 NO 
Toluene 4/23/98 NO 
Ethylbenzene 4/23/98 NO 
Xylenes 4/23/98 NO 

Results 
outlet pipe 
10.0 mg/I 

NA 
NO 

NAw/ NO 
NAw/ NO 

NO 
NO 
NO 
NO 

Results inlet pipe = before treatment through separator 
Results outlet pipe = after treatment through separator 
NA = not applicable 
NO = below the laboratory detection limit 

Method Detection Limit 
160.2 10 mg/I 

NA 
1664 5.00 mg/I 
1664 5.00 mg/I 
1664 5.00 mg/l 

8020A 0.5000 mg/I 
8020A 0.5000 mg/I 
8020A 0.5000 mg/I 
8020A 1.00 mg/I 

Flow rate calculations not possible for this year due to error in measuring flow in inlet pipe. 
Flow rate will be calculated for all remaining samples. 

bmpt698.xls7/28/98 
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Table 2 

BMP Effectiveness Monitoring Data 
Portland International Airport, Maintenance facility 
Catch Basin Inlet Filters - "StreamGuard" Type II -0 

Results Results 
Parameter Sample Date inlet N1 inlet N2 

T88 5/29/98 77.0 mg/I 35.0 mg/I 
pH 5/29/98 7.6 6.9 
Oil & Grease 5/29/98 15.0 mg/I 5.98 mg/I 
TPH polar 5/29/98 8.53 mg/I NO 
TPH non- polar 5/29/98 6.45 mg/I 5.98 mg/l 
cadmium 5/29/98 0.0029 mg/I 0.001 mg/I 
lead 5/29/98 0.045 mg/l 0.0250 mg/l 
nickel 5/29/98 0.0133 mg/l 0.0109 mg/l 
zinc 5/29/98 0.264 mg/l 0.255 mg/l 

Results inlets N1 & N2 = before treatment through filters 
Results outlet manhole = after treatment through filters 
NA = not applicable 
NO = below the laboratory detection limit 

Flow Rate Calculations 
Manning's Formula Q = KIn X 08/3 X 81/2 
K = 5.08 
n=0.013 
0= 0.075 ft 
8 = 0.0075 

Results outlet 
manhole 
25.0 mg/I 

6.9 
NO 

NAw/ NO 
NAw/ NO 

0.0016 mg/I 
0.0113 mg/l 

0.00830 mg/l 
0.256 mg/l 

Flow rate for the POX sampling was calculated to be 0.034 ft / sec 

bmppdx98.xls 7/28/98 

Method Detection Limit 
160.2 10 mg/I 

NA 
1664 5.00 mg/I 
1664 5.00 mg/l 
1664 5.00 mg/l 
200.8 0.00100 mg/I 
200.8 0.00100 mg/l 
200.8 0.00200 mg/l 
200.8 0.00500 mg/l 
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Table 3 

BMP Effectiveness Monitoring Data 
Portland International Center, Trammel Crow Facility 
Stormceptor model STC· 4800 

Results Results 
Parameter Sample Date inlet outlet 

TSS 5/8/98 ND ND 
pH 5/8/98 NA 6.9 
Oil & Grease 5/8/98 ND ND 
copper 518/98 0.0160 mg/l 0.0197 mg/l 
lead 518/98 0.0035 mg/l 0.00320 mgll 
zinc 518/98 0.862 mgll 1.40 mg/l 

Results inlets = before treatment through Stormceptor 
Results outlet = after treatment through Stormceptor 
NA = not applicable 
ND = below the laboratory detection limit 

Flow Rate Calculations 
Manning's Formula Q = KIn X D8/3 X S1/2 
K = 3.86 
n = 0.013 
D = 0.333 ft 
S = 0.004 

Method 
160.2 

1664 
200.8 
200.8 
200.8 

Flow rate for the PIC sampling was calculated to be 1.000 ft I sec 

bmppic98.xls9/18/98 

Detection Limit 
10 mgll 

NA 
5.00 mgll 

0.00100 mg/l 
0.00100 mg/l 
0.00500 mg/l 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
TERMINAL 6 (T -6) 

LOAD CALCULATIONS BASED ON Q=CIA 

Runoff 
co- Area Runoff 

Amount I effi~ent Intensity *A quantity Q Cubic 
(mg/l) I (in.lhr.) (acres) (cu. ft.lsec.) feet Location I Outfall I Date I Pollutant 

I 
I 
I 
I 

I 

Volume Load 
liters mg 

_ ~1·~~~~::+~~~:;:~ ~~~ 6ig
5 :'.l: _~'~!:~: ~ ~~ --T.~-- _~:~~~~ :l;~~~:~1I~~~ 

L....:r..e IMan hole 1 110129197 Oil & Grease 3.73 o,!l. 0.034 60.3 . ...1J!54_ 160205 4~7006.7~ .. 1_6923035_ 
T-6 Man hole 1 10/29/97 Phosphorus 0.226 0.9 0.034 60.3 1.854 160205 4537006.7 1025364 ----- ---+----.~-.-.- _. ------ -- ----_. -_._---- -----~ -------
T-6 _ Man hole 1 10/29/97 TOC 18.8 0.9 __ -t- __ 0.034 60.3 _~1.854 ___ ~6p~05 14?_~~006-"-~+8529.~~.z. 
T-6 Man hole 1 10/29/97 Arsenic NO . 1--- -. -.------- -.---- -... ------
T-6 Man hole 1 10/29/97 Cadmium NO 

1---- --+------ ---j-

T.e Man hole 1 10129197 Chromium 0.025 0.9 _ 0.034 60.3 1.854_ 160205~ r37006.7_ 113425.2. 
T-6 Man hole 1 10/29/97 Copper 0.0163 0.9 0.034 60.3 1.854 160205 4537006.7 73953.21 
T-6 Man hole 1 10/29/97 Lead 0.0803 0.9 - - 0.034 60.3 1.854 ---160205 4537006.7 36432f6 

t
----- - -.-------. . ... -----... -.----.-- --- ------.. 

T-6 Man hole 1 10/29/97 Mercury NO i 

- tf~ ~:~ ~~:: ~ ~~~;~~~; ~ii~~el °O~~!3---~:~~-~~-:~~:~;:---=-- ~~}---- ~::~1---~-- --~~-~;~~-~;;;~~~:; I ~~~~~~; 

T-6 Man hole 1 4/23/98 Cadmium NA I-------~ ----.... J---+-----
T-6 Man hole 1 4/23/98 Chromium NA 

I 
T.e Man hole 1 4123198 Copper 0.0246 0.9 .. :0,012 . 60.3 · .. _0.633 ~ ~4704.16 1549221.8 38110.86 
T-6 Man hole 1 4/23/98 Lead 0.0656 0.9 0.012 60.3 0.633 54704.16 1549221.8 101629 

t
-~}~S-~ --~ Man h~I~_1_~23!~~CUry ______ . N~__ __~------- -~--... ---- -- ----------------- ... -- - --- ---1--.----------~ .. --.---.---

T-6 Man hole 1 4/23/98 Nickel NA 
.----- --f-- -.-------1--.-. --

T-6 Man hole 1 4/23/98 Zinc 0.491 0.9 0.012 60.3 0.63-3- - 54704.16 154922f8T760667.ff 

ND=Non Detect, below laboratory detection limit 
i:\esd\stwater\qcia\T6Ioad.xls 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
TERMINAL 6 (T -6) 

LOAD CALCULATIONS BASED ON Q=CIA 

I 

I 

! 

Location Outfall Date Pollutant 
T-6 Man hole 2 4/23/98 TSS 
T-6 Man hole 2 4/23/98 Oil & Grease 
T-6 Man hole 2 4/23/98 Copper 
T-6 Man hole 2 4/23/98 Lead 
T-6 Man hole 2 4/23/98 Zinc 

T-6 Man hole 3 4/23/98 TSS 
T-6 Man hole 3 4/23/98 Oil & Grease 
T-6 Man hole 3 4/23/98 Copper 
T-6 Man hole 3 4/23/98 Lead 
T-6 Man hole 3 4/23/98 Zinc 

ND=Non Detect, below laboratory detection limit 
i:\esd\stwater\qcia\T6Ioad.xls 

New 1200-Z Parameter List and Outfalls 

Runoff 
co- Area Runoff 

Amount efficient Intensity *A quantity Q 

(mg/l) C I (in.lhr.) (acres) (cu. ft.lsec.) 
10 0.9 0.012 60.3 0.633 
NO 

0.0059 0.9 0.012 60.3 5.653 
0.007 0.9 0.012 60.3 0.633 
0.108 0.9 0.012 60.3 0.633 

60 0.9 0.012 60.3 0.633 
NO 

0.0235 0.9 0.012 60.3 0.633 
0.0585 0.9 0.012 60.3 0.633 
0.405 0.9 0.012 60.3 0.633 

i 
I 

Cubic Volume Load 
feet liters mg 

54704.16 1549221.8 15492218 

488430 13832338 81610.79 
54704.16 1549221.8 10844.55 
54704.16 1549221.8 167316 

54704.16 1549221.8 92953309 

54704.16 1549221.8 36406.71 
54704.16 1549221.8 90629.48 
54704.16 1549221.8 627434.8 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 

Runoff 
co- Runoff 

I Amount efficient Intensity Area quantity Q Cubic 
Location Outfall Date Pollutant (mg/l) C I (in./hr.) *A (acres) (cu. ft.lsec.) feet 

POX Basin 1 10/8/97 COO 23.7 0.225 0.025 1029 5.885 508428.9 
POX Basin 1 10/8/97 TSS 17 0.225 0.025 1029 5.885 508428.9 
POX Basin 1 10/8/97 Oil & Grease NO 

---------- -f----

--_._--
0.225-

1-------1--------1----------- --
508428.9 POX Basin 1 10/8/97 Phosphorus 0.277 0.025 1029 5.885 

------f---- --1---------- --- --

POX Basin 1 10/8/97 TOC NO 
--

508428.9-POX Basin 1 10/8/97 Arsenic 0.0025 0.225 0.025 1029 5.885 
---------" 'BaSin 1 

-- ------ --------_._- -- - - ... _--------_ ... . - ._-----,._- --------- - ---- ----------

POX 10/8/97 Cadmium NO 
POX Basin 1 10/8/97 Chromium 0.0015----- 0.225 0.025 1029 5.885 508428.9 

- - 1-------
POX Basin 1 10/8/97 Copper 0.0057 0.225 0.025 1029 5.885 508428.9 
POX Basin 1 10/8/97 Lead 0.0019 0.225 0.025 1029 5.885 508428.9 
POX Basin 1 10/8/97 Mercury NO 
POX Basin 1 10/8/97 Nickel 0.0042 0.225 0.025 1029 5.885 508428.9 
pbx Basin 1 10/8/97 Zinc 0.0355 0.225 0.025 1029 5.885 508428.9 

POX Basin 1 5/29/98 COO 18.5 0.225 0.014 1029 3.280 283386.6 
--1----

POX Basin 1 5/29/98 TSS NO 

I 

Volume I Load 
liters mg 

14398706 341249343 
14398706 244778010 

I 

1439870~988442 
----+---------

I 

14398706+---35997--
1------ -- -- + ----------

1-----------
14398706 21598 
14398706 82073 

----------
14398706 27358 

14398706 60475 
14398706 511154 
8025508.51 148471907 

--=i==~~=:= POX Basin 1 5/29/98 Oil & Grease NO 
1---

POX 0.225 0.014 1029 3.280 283386.6180255Q~.~ 1_1_E39}_382 __ Basin 1 5/29/98 Phosphorus 0.211 
TOC POX Basin 1 5/29/98 NO 

POX Basin 1 5/29/98 Arsenic 0.0021 0.225 0.014 1029 3.280 283386.6 8025508.5 
IBasin 1 

1------- - ._._--" - -- _._-------

POX 5/29/98 Cadmium NO 
I--- POX 5/29/98 Chromium NO 

--------- -----
I Basin 1 

POX Basin 1 5/29/98 Copper 0.0035 0.225 0.014 1029 3.280 283386.6 8025508.5 
-

!Basin 1 
f---- ~----------------

POX 5/29/98 Lead NO 
._--_.- r---

POX Basin 1 5/29/98 Mercury NO 
POX !Basin 1 5/29/98 Nickel 0.004 0.225 0.014 1029 3.280 283386.6 8025508~5 
POX Basin 1 5/29/98 Zinc 0.0291 0.225 0.014 1029 3.280 283386.6 i 8025508.5 

Basin 1 outfall = MDD2 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i:\esd\stwater\qcia\Pdxload.xls 

--
16854 

28089 

---------
32102 

233542 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 

i i Runoff 

I 

I co- Runoff 
I Amount efficient Intensity Area quantity Q Cubic Volume Load 

Location I Outfall Date Pollutant (mg/l) C I (in./hr.) *A (acres) (cu. ft./sec.) feet liters mg 
I 

. 288225 ~ ~62532 b 57536867 :s -~~~~-

i 
- 250~--

f-- -
POX . Basin 2 10/8/97 COO 19.3 0.525 0.025 3.336 

-~- ~--- ~----~-- c-----~------f---~~------~ - -~-- --- - -- ----- -, ------ ---- --

POX Basin 2 10/8/97 TSS NO 
POX I Basin 2 10/8/97 Oil & Greas NO 

- I-~---- ----~~~--

--
288225 

t-----~----~.---

POX Basin 2 10/8/97 Phosphorus 0.133 0.525 0.025 250 3.336 8162532 1085616.756 
POX Basin 2 10/8/97 TOC NO 
POX Basin 2 10/8/97 Arsenic 0.0011 0.525 0.025 250 3.336 288225 8162532 8978.7852 

f- - -~-~~ 1---- -~, ---~~-

POX Basin 2 10/8/97 Cadmium NO 
--~~-.. - ---- ~---POX Basin 2 10/8/97 Chromium NO 

POX Basin 2 10/8/97 Copper 0.0051 0.525 0.025 250 3.336 288225 8162532 . 41628.9132 
------

8162532 -t- 14692.55i6~ POX Basin 2 10/8/97 Lead 0.0018 0.525 0.025 250 3.336 288225 
--~--- -- ---

=--~--=-t==--= ==-=== 
POX Basin 2 I 10/8/97 Mercury NO 

--- --~-----

POX Basin 2 10/8/97 Nickel NO 
8162532 I 226102.1364-POX Basin 2 10/8/97 Zinc 0.0277 0.525 0.025 250 3.336 288225 

POX Basin 2 5/24/98 COO 32.8 0.525 0.036 250 4.758 411075 11641644 381845923.2 
~----------

POX Basin 2 5/24/98 TSS NO 
-----

POX I Basin 2 5/24/98 Oil & Greas 1.16 0.525 0.036 250 4.758 411075 11641644 13504307.04 
POX Basin 2 5/24/98 Phosphorus 0.151 0.525 0.036 250 4.758 411075 11641644 1757888.244 
POX iBasin 2 5/24/98 TOC 7.23 0.525 0.036 250 4.758 411075 11641644 84169086.12 

-~- ---------
POX Basin 2 5/24/98 Arsenic 0.0017 0.525 0.036 250 

c 4.7581~~O75 POX Basin 2 5/24/98 Cadmium NO 
-- -----------~---~----~-~ 

~X 0.525-- 0.036 -- 250~-

~~~~~!:---=~~ ~f~~~~~-
---~~-----

Basin 2 5/24/98 Chromium 0.0012 11641644 13969.9728 
- --------- ~----~-

~ 5/24198 
f-- -~ ----~-~- "------- f----~.- f--~------ --~-~--p --- --~ -

POX Basin 2 Copper 0.0092 0.525 0.036 250 ~~_6416~~ 1 0~1Q~.~2~8_ 
0.036 --,----

-~~-~~-----E=-=== 
POX ,Basin 2 5/24/98 Lead 0.0019 0.525 250 

11~~ 1:~:~=291 ::'~1-= 
1--

POX Basin 2 5/24/98 Mercury NO 
0.036--

f---.--

POX Basin 2 5/24/98 Nickel 0.0025 0.525 250 4.758 I 411075 
--4-:758-~ -~1i~1075 --~----+ ~~~- -~----

POX Basin 2 5/24/98 Zinc 0.0304 0.525 0.036 250 11641644 i 353905.9776 

Basin 2 outfall = MDD3 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i: \esd\stwater\qcia\Pdxload .xls 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 

Runoff 
co- Area Runoff 

Location I Outfall 
i Amount efficient Intensity *A quantity Q Cubic 

Date Pollutant (mg/I) C I (in./hr.) (acres) (cu. ft./sec.) feet 
i 

POX Basin 4 10/8/97 COD NO 
--I--~ ~~-- --~ ---~--

--~-- --~-~~ ~-~---~-~~~- ---~- --~- -~~~~--

POX Basin 4 i 10/8/97 TSS NO 
-- - ~---~~---- ~- --~- 1------~-~- ~------~-- -- r---c-----

POX Basin 4 10/8/97 Oil & Grease 0.57 0.525 0.025 49 0.654 56492.1 
-~ ~---

f- 0.025 
-.--~-----

POX Basin 4 10/8/97 Phosphorus 0.0911 0.525 49 0.654 56492.1 
~-f-----~ 

POX Basin 4 10/8/97 TOC NO 
--

POX Basin 4 10/8/97 Arsenic NO 
POX Basin 4 10/8/97 Cadmium NO 
POX Basin 4 10/8/97 Chromium 0.001 0.525 0.025 49 0.654 56492.1 
POX Basin 4 10/8/97 Copper 0.0035 0.525 0.025 49 0.654 56492.1 
POX Basin 4 10/8/97 Lead NO 
POX Basin 4 10/8/97 Mercury NO 
POX Basin 4 10/8/97 Nickel 0.0084 0.525 0.025 49 0.654 56492.1 

- ~ 

POX Basin 4 10/8/97 Zinc 0.0205 0.525 0.025 49 0.654 56492.1 

POX Basin 4 5/24/98 COD 9.17 0.525· 0.036 49 0.933 80570.7 
1-- --I-- -- ----

POX Basin 4 5/24/98 TSS NO 
I- ------------_._--f---------~~~-~- -------

POX !Basin 4 5/24/98 Oil & Grease NO 
- -~~ ---f--------~~~ 

POX Basin 4 5/24/98 Phosphorus 0.0935 0.525 0.036 49 0.933 80570.7 
~- -- ~----~-

POX Basin 4 5/24/98 TOC NO 
POX Basin 4 5/24/98 Arsenic 0.0011 0.525 0.036 49 0.933 80570.7 

-
POX Basin 4 5/24/98 Cadmium NO 
POX Basin 4 5/24/98 Chromium 0.0012 0.525 0.036 49 0.933 80570.7 
POX Basin 4 5/24/98 Copper 0.0066 0.525 0.036 49 0.933 80570.7 
POX Basin 4 5/24/98 Lead 0.0016 0.525 0.036 49 0.933 80570.7 

I 
I 
I 

Volume Load 
liters mg 

--~--~---t---- --

_-~==-_~ ___ -_~I--=_-=-==~= 
1~~~:;:1im~~ 

--.-~ 

1599856.3 1599.85ff 

1599856T59~ 

1599856.3 13438.79 
- _.-

1599856.3 32797.05 
2281762.2 20923760 _ .. __ ._-----

~-------

--- --------- -- -- - ------_.- .. -
I 

~---- .. -- ---------

2281762.2 213344.8 
---~--~---I-----~--

2281762.2 2509.938-
--

2281762.2 2738.115 
2281762.2 15059.63 
2281762.2! 3650.82 

-----~---- ------~ -----~-~-----~ -~~-- --~- ---_.. -'- - ~----.-.-

POX Basin 4 5/24/98 Mercury NO 
--------_.- ----~~--- ~----- ------

POX Basin 4 5/24/98 Nickel 0.0069 0.525 0.036 49 0.933 
I------pjs X 

~-----

Basin 4 5/24/98 Zinc 0.0321 0.525 0.036 49 0.933 

Basin 4 outfall = SS03PP 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i:\esd\stwater\qcia\Pdxload.xls 

80570.7 
80570.7 

----~----- ---- -----

2281762.2 15744.16 
---

2281762.2 73244.57 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND INTERNATIONAL AIRPORT (PDX) 

LOAD CALCULATIONS BASED ON Q=CIA 

I 

Runoff 
co- Runoff 

I Amount efficient Intensity Area quantity Q 
Location I Outfall Date Pollutant (mg/l) C I (in.lhr.) *A (acres) (cu. ft.lsec.) 

f------ - I 

POX Basin 6 10/8/97 COO 17.1 0.643 0.025 476 7.779 
f-------------

POX Basin 6 10/8/97 TSS 14 0.643 0.025 476 7.779 
POX iBasin 6 10/8/97 Oil & Grease NO 
POX Basin 6 10/8/97 Phosphorus 0.24 0.643 0.025 476 

[---

7.779 
--

POX Basin 6 10/8/97 TOC NO 
POX Basin 6 10/8/97 Arsenic 0.0022 0.643 0.025 476 7.779 
POX Basin 6 10/8/97 Cadmium NO 
POX Basin 6 I 10/8/97 Chromium 0.0013 0.643 0.025 476 7.779 
POX Basin 6 10/8/97 Copper 0.0064 0.643 0.025 476 7.779 
POX Basin 6 10/8/97 Lead 0.002 0.643 0.025 476 7.779 

1------ - --- I---- ---- -- -------------
POX Basin 6 10/8/97 Mercury NO 

1-- POX -
Basin 6 10/8/97 Nickel 0.0028 0.643 0.025 476 7.779 

---
POX iBasin 6 10/8/97 Zinc 0.0424 0.643 0.025 476 7.779 
POX iBasin 6 5/24/98 COO 16.2 0.643 0.036 476 11.095 

c-- POX I Basin 6 5/24/98 TSS NO 
POX Basin 6 5/24/98 Oil & Grease 0.816 0.643 0.036 476 11.09!f----

----~~--- -- .. -
POX Basin 6 5/24/98 Phosphorus 0.201 0.643 0.036 476 11.095 
POX Basin 6 5/24/98 TOC 4.04 0.643 0.036 476 11.095 

--------- c---------
POX Basin 6 5/24/98 Arsenic 0.0013 0.643 0.036 476 11.095 

-- -------------
POX Basin 6 5/24/98 Cadmium NO 
POX Basin 6 5/24/98 Chromium 0.0011 0.643 0.036 476 11.095 
POX Basin 6 5/24/98 Copper 0.0113 0.643 0.036 476 11.095 

f--- POX I Basin 6 5/24/98 Lead 0.0012 0.643 0.036 476 11.095 
1---------'- -------c---------- -- t------------ ---
1--__ POX i Basin 6 5/24/98 Mercury NO 

-- -------1--------

f- _ ~.QX_ _ I Basin 6 5/24/98 Nickel 0.0026 0.643 0.036 476 11.095 
--- ----------- ----_._-------.-c--- 11.095 

-- ---

POX IBasin 6 5/24/98 Zinc 0.038 0.643 0.036 476 
'---- -

Basin 6 outfall = POPE1 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i :\esd\stwater\qcia\Pdxload .xls 

Cubic 
feet 

672125.3 
672125.3 

672125.3 

672125.3 

672125.3 
672125.3 
672125.3 

1---- --------

672125.3 
672125.3 
958605 

--

~8605 
958605 
958605 
958605 

------
I 
I 

958605 
958605 
958605 

958605 
----------
958605 

I 

Volume Load 
liters mg 

19034589 325491476.8-
19034589 266484250-

._------

19034589 4568301.429 
f------------------

19034589 41876.09644 
I 

19034589 24744.96608 
19034589 121821.3714 
19034589 38069.17858 

f----- --------- -------

--------
--53296.85061 19034589 

19034589 --807066.5859-

27147693 4E+08 I 
1-------- --------

~769:f 
~-----

22152517.42 
---

27147693 5456686.277 
271476931 

---~ 

109676679.4 
27147693 35292.0008 
----------------------

27147693 29862.46221 
27147693 306768.93 
27147693 32577.2315 

---

---------c- -----------_ .. _._-
27147693 70584.00159 

1-------- - ._-_ ... -_._--------

27147693 1031612.331 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND INTERNATIONAL AIRPORT (PDX) 

LOAD CALCULATIONS BASED ON Q=CIA 
I ! Runoff I I I 
I I co- Runoff 

! Amount efficient Intensity Area quantity Q Cubic 
Location Outfall Date Pollutant (mg/I) C I (in.lhr.) *A (acres) (cu. ft./sec.) feet 

POX Basin 7 10/8/97 COO 11 0.6 0.025 725 11.056 955260 
POX Basin 7 10/8/97 TSS NO 

-
POX Basin 7 10/8/97 Oil & Grease 1.09 0.6 0.025 725 11.056 955260 

---
POX Basin 7 10/8/97 Phosphorus 0.238 0.6 0.025 725 11.056 955260 

--
POX Basin 7 10/8/97 TOC 3.81 0.6 0.025 725 11.056 955260 
POX Basin 7 10/8/97 Arsenic 0.0016 0.6 0.025 725 11.056 r 955260 

--- - -
POX Basin 7 10/8/97 Cadmium NO 

---~-~- 725---- 11.056----+ 955260 POX Basin 7 10/8/97 Chromium 0.0016 0.6 0.025 
--- POX I Basin 7 10/8/97 Copper 0.0104 0.6 0.025 725 11.056 955260 
--------

-- 0.025 __- 11.056 =+ _~~!52~()~ POX Basin 7 10/8/97 Lead 0.0031 0.6 725 
-----. --

POX 'Basin 7 I 10/8/97 Mercury NO 
POX Basin 7 10/8/97 Nickel 0.0024 0.6 0.025 725 11.056 955260 
POX Basin 7 10/8/97 Zinc 0.0834 0.6 0.025 725 11.056 955260 
POX Basin 7 5/24/98 COO 23.8 0.6 0.036 725 15.769 1362420 

. -.~~ 

POX Basin 7 5/24/98 TSS NO 
----

POX I Basin 7 5/24/98 Oil & Grease 1.26 0.6 0.036 725 15.769 1362420 
--

POX Basin 7 5/24/98 Phosphorus 0.262 0.6 0.036 725 15.769 1362420 
------

POX Basin 7 5/24/98 TOC 6.34 0.6 0.036 725 15.769 1362420 
-- -- - - ~----------

~362420 POX Basin 7 I 5/24/98 Arsenic 0.002 0.6 0.036 725 15.769 
- - - - ... --.~----- ------------- - ------1----- --

POX Basin 7 5/24/98 Cadmium NO 
----- - ---_.-

0.036-I-- - 725 
._----_._--- 1-------------

POX Basin 7 5/24/98 Chromium 0.0014 0.6 15.769 1362420 
t-- 725 ----

POX Basin 7 5/24/98 Copper 0.0115 0.6 0.036 15.769 1362420 
POX Basin 7 5/24/98 Lead 0.0014 0.6 0.036 725 15.769 1362420 

----------------- -- ---- ------

POX Basin 7 5/24/98 Mercury NO 
POX Basin 7 5/24/98 Nickel 0.0033 0.6 0.036 725 15.769 1362420 
POX Basin 7 5/24/98 Zinc 0.113 0.6 0.036 725 15.769 1362420 

Basin 7 outfall = MDDS, 5512200 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i:\esd\stwater\qcia\Pdxload.xls 

Volume Load 
liters I mg 

27052963 2.98E+08 
-------

27052963 29487730 
27052963 6438605 
27052963 1E+08 

---------~ 

27052963 43284.74 
-------

I 

27052963~43284.7~ 
270529~ 281350.8 

-_~t05296~_~~~~~f1[ 

270529631 64927.11 
27052963 I 2256217 
38583734 9.18E+08 

--

38583734 48615565 
38583734 10108938 

t-}~S83734 i2.45E+oI 
38583734 I 77167.47 

--- -- ---- - ---t----------------

38583734+5401 i2f 
------- -- -_._--"-----

38583734 I 443712.9 
~837~4~}40i7.2f 

38583734 127326.3 
38583734 4359962 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 

Runoff 
I 
I 

co- Runoff 
i Amount efficient Intensity Area quantity Q Cubic , Volume Load 

Location I Outfall Date Pollutant (mg/I) C I (in.lhr.) *A (acres) (cu. ft./sec.) feet I liters i mg 
1 

, 
I -- pox Basin 8 10/8/97 COO 13 0.297 0.025 679 5.126 442851.9 12541567.2 1.63E+08 

POX Basin 8 10/8/97 TSS 13 0.297 0.025 679 5.126 442851.9 12541567.2 1.63E+08 
------------- .. -~------- ._--------

POX ,Basin 8 10/8/97 Oil & Grease NO 
POX Basin 8 10/8/97 Phosphorus 0.128 0.297 0.025 679 5.126 44285-1~ r-125415672 r-1605321-

"---POX Basin 8 10/8/97 TOC NO 
-------- ----- f-------

I---------~---- I 
POX Basin 8 I 10/8/97 Arsenic 0.0016 0.297 0.025 --I-- 679- 5.126 1442851.9 "254:1 20066:51 ~-

POX I Basin 8 10/8/97 Cadmium NO 
--------- -- ------

- -----------------
f-12541567.-21f54T.S7 POX iBasin 8 10/8/97 Chromium 0.001 0.297 0.025 679 5.126 442851.9 

------
679-

f------------ 1----------------,-
POX Basin 8 10/8/97 Copper 0.0047 0.297 0.025 5.126 442851.9 r125~ !?61.~~L5~~~5.37 .. --

5.126 ----44285fs POX Basin 8 10/8/97 Lead 0.0012 0.297 0.025 679 12541567.2 i 15049.88 
POX Basin 8 10/8/97 Mercury NO 

--t------

-------
POX 'Basin 8 10/8/97 Nickel 0.0031 0.297 0.025 679 5.126 442851.9 12541567.2 38878.86 

--

POX Basin 8 10/8/97 Zinc 0.0136 0.297 0.025 679 5.126 442851.9 12541567.2 170565.3 
POX Basin 8 5/24/98 COO 19.8 0.297 0.036 679 7.310 631608.5 17887153.2 1 3.54E+08 
POX ,Basin 8 5/24/98 TSS 18 0.297 0.036 679 7.310 

::~:::.~~::::[ :~:::: -
POX Basin 8 5/24/98 Oil & Grease NO 
POX Basin 8 5/24/98 Phosphorus 0.153 0.297 0.036 679 7.310 

---- .-------~-

POX Basin 8 5/24/98 TOC 3.86 0.297 0.036 679 7.310 631608.5 I 17887153.2 I 69044411 
1--0297 --r-- 0.036 

I------~----- - ---_ --------- -1---- --

POX Basin 8 5/24/98 Arsenic 0.002 679 7.310 63160~,"- 176871531357743'-1--- --- , 
NO-

----_.--- -_._._-----_. - ------------- --------------- -- ----

pox Basin 8 5/24/98 Cadmium f---- 1--- ------- ---------------- 1------- --- -- -------- --

POX Basin 8 5/24/98 Chromium NO 
------- _._._----

7.310--- 63160&5 17887153.21876"7:05 POX Basin 8 5/24/98 Copper 0.0049 0.297 0.036 679 
POX Basin 8 5/24/98 Lead 0.0011 0.297 0.036 679 7.310 631608.5 17887153.2 19675.87 

- 1------- --- ------------1---------- ------
POX Basin 8 5/24/98 Mercury NO 

-- --
17887153.21 98379~~ POX I Basin 8 5/24/98 Nickel 0.0055 0.297 0.036 679 7.310 631608.5 

- 679 --1------------
1-7887153.21'422136.8 POX Basin 8 5/24/98 Zinc 0.0236 0.297 0.036 7.310 631608.5 

Basin 8 outfall = 5512000 
*Rational method is not recommended for areas over 100 acres. Accruracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i:\esd\stwater\qcia\Pdxload.xls 
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TABLE 6 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND SHIP REPAIR YARD (PSY) 

LOAD CALCULATIONS BASED ON Q=CIA Runoff 
coeffic. Intensity Area Runoff Volume 

Location Outfall Date Pollutant Amount C I *A Q 
Volume Load 

(ppm) (in/hr) (acres) (fe/sec) (fe) (liters) (mg) 
I -+ 

*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect. below laboratory detection limit. 
i :\esd\stwater\qcia\Psy-ar97 .xls 
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TABLE 6 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND SHIP REPAIR YARD (PSY) 

LOAD CALCULATIONS BASED ON Q=CIA Runoff 
coeffic. Intensity Area Runoff Volume Volume 

Location Outfall Date Pollutant Ammount C I *A Q 
(ppm) (in/hr) (acres) (ft3/sec) (ft3) (liters) 

-- PSy--tBasin 9 10/29/97-
-::-c----·- --.~---~--- ------- ---0.034---f------.- 1--------.- - _._ .. - --_._---1----_.- --. 
COO 18.40000 0.9 1.51 0.046 4012 113613 

------------- -=--_. ------- - ------_._-_ .. _. ---_._.-

PSY Basin 9 10/29/97 TSS 13.00000 0.9 0.034 1.51 0.046 4012 113613 
------------ .- -----_. _. __ . __ .. _ .. _- ------- --------------- --- -- -----.-.- ---, 

PSY Basin 9 10/29/97 Oil & Grease NOS 
-----~--- -- ----- ---- ----------_ ... 

1-.. 1.51 0.046 --
------- _.- _. ---_. __ .-

PSY Basin 9 10/29/97 TOC 5.36000 0.9 0.034 4012 113613 
---- - - ----------_.- -- ._._-_._--- --------- -~ 

PSY Basin 9 10/29/97 Arsenic NOO.001 
PSY Basin 9 10/29/97 Cadmium NOO.001 

. __ .. __ ._---f-------.----_._----1---_._--

-------- ------ - - - -- ------.------------ -_._---_. --------.----------

PSY Basin 9 10/29/97 Chromium 0.00460 0.9 0.034 1.51 0.046 4012 113613 
- ------------ ._. 

PSY Basin 9 10/29/97 Copper 0.16100 0.9 0.034 1.51 0.046 4012 113613 
---------- - -=---_. -------- ------_.-. I-- -- -.----.---- - --_._-_ .. _--------

PSY Basin 9 10/29/97 Lead 0.02070 
09 J O.O~ 1.51 0.046 I 4012 113613 

--- --------

~=-----~ - ---~=--.:= ~ ~,~-f~~~ 
- ---- -

PSY Basin 9 10/29/97 Mercury NOO.0002 
------

r--113613-PSY Basin 9 10/29/97 Nickel 0.01150 0.9 0.034 1.51 
_._--- -_._---f---------- ---- - -----f--- --- - -- --

PSY Basin 9 10/29/97 Zinc 0.56000 0.9 0.034 1.51 113613 
------~ NO -------- -- ---I--. 

PSY 'Basin 9 10/29/97 Silver --- - .. • J - .-------------

BasIn 9 10/29/97 pH 
_._._-,-- ._- .... _._----1--.. _ ... - --.. - . ... . 

PSY 6.67 (pH units) 

I- ---_._-- .. - 1------- ---. -----1--·_· PSY Basin 9 4/24/98 COD 31.20000 0.9 0.003. 1.51 0.005 391 11084 
- ------- - . - _. -_._---_.- --------------- ---------

PSY Basin 9 , 4/24/98 TSS NOS 
-_._------ , --f-----.-- --_._ ... __ .. ---------

PSY Basin 9 4/24/98 Oil & Grease NOS ._----_ .. - ._ .. -.-..... - .. _--_. __ .. _- ----------- --- --_._._--_ .. _- --391· r -110M-PSY Basin 9 4/24/98 TOC 8.65000 0.9 0.003 1.51 0.005 
-- -.-----.---. --- .. -_ .. __ . __ . f-------f-------- -- ------+----

PSY Basin 9 4/24/98 Arsenic NOO.001 
1--- .. - _. __ ._--------f-- .. - ------- . 

PSY Basin 9 4/24/98 Cadmium NOO.001 
1-------- -- -=----. 

4/24/98 
f-=-------.-1---------------- _ ..... -.- - _._---- .-

0.005 -- 11084 --PSY : Basin 9 Chromium 0.00110 0.9 0.003 1.51 391 

Load 

(mg) 

~--. -._. __ ._ ... _.-

2090484 
---------

1476973 

~---. - -_. __ ._-

608967 
---- -----------

f-------- --

f------
523 

18292 
2352 

- _.- -- - ...... _.---_. ----

------------

1307 
------ --- -

63623 _ ... -- - ----

----- ---

345828 
1-.-------

c--- --.. -.--

1------------
95879 

c-------
12 

.. -.- . -- .. -t;:---- - -_._- - _ .. - ._._-_._ .. ---------

---O.O~-- ---391--- --11084 -. 1-- - ·2483----
PSY iSin9 4/24/98 Copper 0.22400 0.9 0.003 1.51 

- -_._._. - ._-. .._-----
-4/24/98 

------~---- --- --~----- -- ------ --- --.---~------- ---- --- ----- ------------- ---

PSY Basin 9 Lead 0.00300 0.9 0.003 1.51 0.005 391 
- --_._-- .. _.. -_._---

-4/24/98-- I-M~~~~.rY:~~~~ 
1-----.---- - -- - ----------- . __ . ---_. - _._-- --- -- -------- ---- -- -

I-- :~~ . ~:~l-~-~-- NOO.0002 
-_. _._- ----_. . .. ----.--- ... -~ _._-- -- - - -- --_... -- -- _. --- ._--"_ .. .- - . _ .. - ._.- -_ .. 

4/24/98 Nickel 0.00300 0.9 0.003 1.51 0.005 391 
PSY I Basin 9 

._--- '--_ .. _-----_. -- _.- _._---... - .... ----_._----_. ._. __ . __ ._--1---.. -----..... -- . __ ._-_ .. 

4/24/98 Zinc 1.37000 0.9 0.003 1.51 0.005 391 I--------+_ .- --~---------- - - - - --- -.- -------- -- -- -- ---._--------_ ... - ----_._----- --- - --_ .. 

PSY iBasin 9 4/24/98 pH 6.25 (pH units) 
f--. -""-- .. _-- _ ... __ ._ ... -- .. _-"- .. _. __ ._ .. ---- ._-----_._.- .. - -- --

I , 

*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i :\esd\stwater\qcia\Psy-ar97 .xls 
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11084 

11084 
---------

11084 
._--.- -

-- --~-- ---------

33 
--- --

- -
33 

.. 

15185 -- - - - ----------
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TABLE 6 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND SHIP REPAIR YARD (PSY) 

Runoff 
coeffic. 

Ammount C 

(ppm) 

32.90000-
r-- -.-.-.---. ~ 

0.9 
.. -------

35.00000 0.9 
N05 

--.--~---- ---

Intensity Area 
I *A 

(in/hr) (acres) 

Runoff 
Q 

(fe/sec) 

Volume Volume Load 

(fe) (liters) (mg) 

0.284 24575 695975~~-22897588-
:-_-c----+-- ~-+- 0.284 245~~73:l~~9136=-

~ --------+-0.034 9.3 
0.0::S4 !:I.::S 

-----t---c------+---+------+---~-~~-0:6-~~-~ ~09:~t -~~~ - 9:- ~:::u+:::: !::::~ t _59::8_ 

,- _ I I I ~ ~:~~~ ~ ~~ -- _=-~~~_::n-~~ - ~.~::-~-~~l ~~~~~d~~~-~ 

... "--~~1------
8.60000 0.9 0.034 9.3 

-.- --- - - NOO.0002 
-. ·---+---0.00850-----~--~ - -- ~--- ~ - - - I - ~ - -

----+- J .27000 _ ~~-6.9 - .. _0.03~ __ ~_ _ 9.3 _ -6-.-28(~~+~.?_~5}~ l=?~92.~-~l -883889 

~~~~~~~ ____ ~!~ NO 
, 6.8 (pH units) 

--~---+ ... ------+--~---------- -~-

-+--:-:-__ --tc-ccc:-::-____ --+ ___ 57.,-.9-:::-c0c-0_00_ 0.9. __~_ 9.3 --=- 0:03, ~f 2398 1-:'67900 -j 3931412 
40.500Q..~~ ___ ~ __ 9:~_ ___q:~03 _ _~]__ __ J>..~ ___ ~2~98 __ ~ _~7909..._~ __ 2749~~~ 

_ N05 i I 

I 1-lD-;i.r!-~-' :~-.j~ _~~ _-. O_~:~O-O~-.-_ -=-==t.;--- _~ ~-~_~-~ -_} ~_~~: t ~~~_~~_-- ~3 __ ~~~~=-~ 
0.Q1270--r---o.g----0-.0-03- 9.3 -6-.03 - --2398 -6-79-0-0- --86-2--

-------+---O-.2-64--0-0-~-~~O-:-9-~= _~ -'0.003- .. 9.3 ~(fQ3-_L)398 -t-6?~~P - 1j92-6~~ 

NOO.0002 
0.03680-_Q.:..~ ___ ~ __ 0._003 9.3 0.03 __ -2-3-9a,-r;. _ ~I90()_~_ _ _?4_9_9 __ _ 

-:-:-::-~-t-:-I-..,.···----:-·--c:-''----t-----=-0.--=-00-=-C9:-:C9--=-0--t-----=--0.9~O.O03 -9-:-3- -0.03- 2398- - 67900 -1- - 672--

__ ~ ,: 6 7:~~~~i: 09_=-L ~~ ----:_9_3~ _=O~ - ___ ~98~ 1_S.79~O f ~B-= 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
i:\esd\stwater\qcia\Psy-ar97.xls 



Table 7 STORMW A TER MONITORING DATA REPORT 
FOR 1997-1998 

Stormwater Discharge Permit 1200-Z 

Location: 
Port of Portland - Terminal 6 
7201 N. Marine Dr. Portland OR 97203 

Location: T-6 Outfall L - MH f (B603) 

Parameters: 

Chemical Oxygen Deman~, COD, (ppm) 
Total Suspended Solids, TSS, (ppm) 

.9t~fqrgarik<:~Qpll>TOg~(ppmj .. 
otal Phosphorus, TP, (ppm) 

Oil and Grease 

Metals (ppm): Total 
Arsenic (TRI) 
Cadmium 
Chrom ium (HEX) 
Copper 

Zinc 

Visual Observations: 
Color 
Foam 
Oil/Grease Sheen 
Rainfall Flow 
Who Performed Sampling: 
Time Samples Taken: 
Who Performed Analysis: 
Date Analyzed: 

EPA 
Method 
410.4 
160.2 

········<A15d 

413.1 

7060 
6010A 
60l0A 
6010A 
7421 
7470 

6010A 
6010A 

otes: NCA=North Creek Analytical; TD= Tom Dean w/ MFM 

MRL 
5 
10 

5 

0,002 
0.005 
0.005 
0.005 
0.002 

0.0002 
0.015 
0.01 

1st Sampling 
29-0ct-97 

65.500 
79 

············18.&00 .. ··.·.·.·· 

3.73 

ND 
0.025 
0.0163 
0.0803 

ND 
0.00530 
0.240 

Yellow Tint 
ND 
ND 

1.5"-2.0" 

TD 
9:00AM 

NCAIP610382 
10/30/97 -11/7/97 

2nd Sampling 
23-Apr-98 

NA 
92.0 

···NA···. 

ND 

NA 
NA 
NA 

0.0246 
0.0656 

NA 
NA 

0.491 

Dirty 
ND 
ND 

4.0" Flow 
TD 

9:34 AM 
NCAlP804432-03 

4/28/98-5/2/98 

NWMAR 118580 



Table 7 

Stormwater Monitoring Data Report for 1997-1998 

Location: T -6 Outfall M - MH 2 (CDC) 

Parameters: 

Total Suspended Solids, TSS, (ppm) 
Ph level 
Oil and Grease 

Metals (ppm): Total 
Copper 

Zinc 

Visual Observations: 
Color 
Foam 
OiIlGreaseSheen .••.. 

ainfall Flow 

Lead 

•• · ..•• ··<>.~eif()rii1.~dSampfmg: .>< •..... ... . 
Time Samples Taken: 
Who Performed Analysis: 
Date Analyzed: 

EPA 
Method 

160.2 

413.1 

6010A 
7421 

6010A 

otes: NCA=North Creek Analytical; TD = Tom Dean w/ MFM 

Location: T -6 Outfall 0 - MH 3 (B605) 
EPA 

Parameters: Method 

Total Suspended Solids, TSS, (ppm) 160.2 
Ph level ----
Oil and Grease 413.1 

Metals (ppm): Total 
Copper 6010A 
Lead 7421 
Zinc 6010A 

Visual Observations: 
Color -- .. -
Foam ----
OiVGrease Sheen ----
Rainfall Flow ----
Who Performed Sampling: ---
Time Samples Taken: ----
Who Performed Analysis: -- .. -
Date Analyzed: ----

Notes: NCA=North Creek Analytical; TO = Tom Dean wi MFM 

MRL 
10 

5 

0.005 
0.002 
0.01 

MRL 
10 

----
5 

0.005 
0.002 
0.01 

----
----
----
----
---
----
----
----

1st Sampling 
Not Established 

1st Sampling 
Not Established 

----
----
----

----
----
----

-_ ... -
----
----
----
----
----
----
-_ ... -

2nd Sampling 
23-Apr-98 

10.0 
7.0 

ND 

0.00590 
0.00700 
0.108 

Clean 
ND 
ND· 

2.5" 

9:03 AM 
NCAfP804432-0 1 

4/28/98-5/2/98 

2nd Sampling 
23-Apr-98 

60.0 
6.6 
ND 

0.0235 
0.0585 
0.405 

Slightly Dirty 
ND 
ND 

2.0" Flow 
TD 

9:20 AM 
NCAIP804432-02 

4/28/98-5/2/98 

NWMAR 118581 
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Table 8 

Port of Portland 

1997-19981200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE 8 MONITORING DATA REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
I 

Monitoring Location: POX Basin No.1 

Monitoring Analytical Method Discharge Fall Sampling Event Spring Sampling Event 
Parameter Method Reportin_g Limit Benchmarks October 8, 1997 

General Chemistry: Concentrations In Milligrams per Liter (mg/L) 

Total Suspended EPA 160.2 10.0 NA 17.0 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.277 

Chemical Oxygen EPA 410.4 5.00 NA 23.7 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA ND 
Carbon (TOC) 

Oil and Grease EPA 413.2 0.500 10 ND 
NWTPH-Dx 0.500 

pH NA NA 6.0 to 9.0 7.9 

Total Metals: 
Arsenic EPA 200.8 0.00100 0.190 0.00250 

Cadmium EPA 200.8 0.00100 0.0011 ND 

Chromium EPA 200.8 0.00100 0.011 0.00150 

Copper EPA 200.8 0.00200 0.012 0.00570 

Lead EPA 200.8 0.00100 0.0032 0.00190 

Mercury EPA 245.1 0.000200 0.000012 ND 

Nickel EPA 200.8 0.00200 0.160 0.00420 

Zinc EPA 200.8 0.00500 0.110 0.0355 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. ' 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
ND = Not detected at the method reporting limit. 
NWTPH-Dx analysis conducted without organiC cleanup . 

/ 

May29,1998 

ND 

0.211 

18.5 

ND 

--
ND 

7.1 

0.00210 

ND 

NO 

0.00350 

ND 

ND 

0.00400 

0.0291 

Benchmarks for metals from OAR 340, Division 41 (Table 20: Water Quality Criteria Summary - Fresh Chronic Criteria) . 

! 

I 

I 

I 
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Table 8 

Port of Portland 

1997-19981200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE B MONITORING DATA REPORT· 

Portland International Airport, Portland, Oregon File No. 107220 
I 

Monitoring Location: POX Basin No.2 

Monitoring Analytical Method Discharge Fall Sampling Event Spring Sampling Event ! 

Parameter Method Reporting Limit Benchmarks October 8, 1997 
General Chemistry: Concentrations in Milligrams per Liter (mg/L) 

Total Suspended EPA 160.2 10.0 NA NO 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.133 

Chemical Oxygen EPA 410.4 5.00 NA 19.3 
Demand (COO) 

Total Organic EPA 415.1 3.00 NA NO 
Carbon (TOC) 

Oil and Grease EPA 413.2 0.500 10 ND 
NWTPH-Ox 0.500 

pH NA NA 6.0 to 9.0 8.3 

Total Metals: 
Arsenic EPA 200.8 0.00100 0.190 0.00110 

Cadmium EPA 200.8 0.00100 0.0011 NO 

Chromium EPA 200.8 0.00100 0.011 NO 

Copper EPA 200.8 0.00200 0.012 0.00510 

Lead EPA 200.8 0.00100 0.0032 0.00180 

Mercury EPA 245.1 0.000200 0.000012 NO 

Nickel EPA 200.8 0.00200 0.160 NO 

Zinc EPA 200.8 0.00500 0.110 0.0277 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
ND = Not detected at the method reporting limit. 
NWTPH-Dx analysis conducted without organic cleanup. 

May 24,1998 

NO 

0.151 

32.8 

7.23 

--
1.16 

7.3 

0.00170 

NO 

0.00120 

0.00920 

0.00190 

NO 

0.00250 

0.0304 

Benchmarks for metals from OAR 340, Division 41 (Table 20: Water Quality Criteria Summary - Fresh Chronic Criteria) . 
Page 4 of 12 
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Table 8 

Port of Portland 

1997-19981200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE 8 MONITORING REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitorin'g Location: POX Basin No.4 

Monitoring Analytical Method Discharge Fall Sampling Event I Spring Sampling Event 
Parameter Method Reporting Limit Benchmarks October 8, 1997 May 24,1998 

General Chemistry: Concentrations in Milligrams per Liter I mg/L) 

Total Suspended EPA 160.2 10.0 NA ND 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.0911 

Chemical Oxygen EPA 410.4 5.00 NA ND 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA ND 
Carbon (TO C) 

Oil and Grease EPA 413.2 0.500 10 0.570 
NWTPH-Dx 0.500 

pH NA NA 6.0 to 9.0 8.4 

Total Metals: 
Arsenic EPA 200.8 0.00100 0.190 ND 

Cadmium EPA 200.8 0.00100 0.0011 ND 

Chromium EPA 200.8 0.00100 0.011 0.00100 

Copper EPA 200.8 0.00200 0.012 0.00350 

Lead EPA 200.8 0.00100 0.0032 ND 

Mercury EPA 245.1 0.000200 0.000012 ND 

Nickel EPA 200.8 0.00200 0.160 0.00840 

Zinc EPA 200.8 0.00500 0.110 0.0205 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
ND = Not detected at the method reporting limit. 
NWTPH-Dx analysis conducted without organic cleanup. 

1 J 

ND 

0.0935 

9.17 

ND 

-
ND 

7.2 

0.00110 

ND 

0.00120 

0.00660 

0.00160 

ND 

0.00690 

0.0321 

! 

I 

I 
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Table 8 

Port of Portland 

1997-19981200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE B MONITORING REPORT 

Portland International Airport, Portland, Oregon File No. 107220 
Monitoring Location: POX Basin No.6 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks October 8, 1997 

Spring Sampling Event 
May 24,1998 

General Chemistry: Concentrations in Milligrams per Liter (mg/L) 

Total Suspended EPA 160.2 10.0 NA 14.0 ND 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.240 0.201 

Chemical Oxygen EPA 410.4 5.00 NA 17.1 16.2 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA ND 4.04 
Carbon (TO C) 

Oil and Grease EPA 413.2 0.500 10 ND -
NWTPH-Dx 0.500 0.816 

pH NA NA 6.0 to 9.0 8.1 7.1 

Total Metals: 
Arsenic EPA 200.8 0.00100 0.190 0.00220 0.00130 

Cadmium EPA 200.8 0.00100 0.0011 ND ND 

Chromium EPA 200.8 0.00100 0.011 0.00130 0.00110 

Copper EPA 200.8 0.00200 0.012 0.00640 0.0113 

Lead EPA 200.8 0.00100 0.0032 0.00200 0.00120 

Mercury EPA 245.1 0.000200 0.000012 ND ND 

Nickel EPA 200.8 0.00200 0.160 0.00280 0.00260 

Zinc EPA 200.8 0.00500 0.110 0.0424 0.0380 
--- -- --------------_._---

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
ND = Not detected at'the method reporting limit. 
NWTPH-Dx analysis conducted without organic cleanup. 

I J 
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Table 8 

Port of Portland 

1997-19981200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE B MONITORING REPORT 

Portland International Airport, Portland, Oregon File No. 107220 
Monitoring Location: POX Basin No. 7 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks October 8, 1997 

Spring Sampling Event 
May24 1998 

General Chemistry: Concentrations in Milligrams per Liter (mg/ll 

Total Suspended EPA 160.2 10.0 NA NO 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.238 

Chemical Oxygen EPA 410.4 5.00 NA 11.0 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA 3.81 
Carbon (TOC) 

Oil and Grease EPA 413.2 0.500 10 1.09 
NWTPH-Ox 0.500 

pH NA NA 6.0 to 9.0 8.2 

Total Metals: 
Arsenic EPA 200.8 0.00100 0.190 0.00160 

Cadmium EPA 200.8 0.00100 0.0011 NO 

Chromium EPA 200.8 0.00100 0.011 0.00160 

Copper EPA 200.8 0.00200 0.012 0.0104 

Lead EPA 200.8 0.00100 0.0032 0.00310 

Mercury EPA 245.1 0.000200 0.000012 NO 

Nickel EPA 200.8 0.00200 0.160 0.00240 

Zinc EPA 200.8 0.00500 0.110 0.0834 
- - -- - - ----

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
NO = Not detected at the method reporting limit. 
NWTPH-Ox analysis conducted without organic cleanup. 

NO 

0.262 I 

23.8 

6.34 

--
1.26 

6.9 

0.00200 

NO 

0.00140 

0.0115 

0.00140 

NO 

0.00330 

0.113 

I , 
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Table 8 

Port of Portland 

1997-19981200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE B MONITORING REPORT 

Portland International Airport, Portland, Oregon File No. 107220 
Monitoring Location: POX Basin No. 8 

Monitoring Analytical Method , Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks October 8-, 1997 

Spring Sampling Event 
May 24,1998 

General Chemistry: Concentrations in Milligrams per Liter (mg/L) 

Total Suspended EPA 160.2 10.0 NA 13.0 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.128 

Chemical Oxygen EPA 410.4 5.00 NA 13.0 
Demand (COD) 

Total Organic EPA 415.1 3.00 '. NA ND 
Carbon (TOC) 

Oil and Grease EPA 413.2 0.500 10 NO 
NWTPH-Dx 0.500 

pH NA NA 6.0 to 9.0 8.0 

Total Metals: 
Arsenic EPA 200.8 0.00100 0.190 0.00160 

Cadmium EPA 200.8 0.00100 0.0011 NO 

Chromium EPA 200.8 0.00100 0.011 0.00100 

Copper EPA 200.8 0.00200 0.012 0.00470 

Lead EPA 200.8 0.00100 0.0032 0.00120 

Mercury EPA 245.1 0.000200 0.000012 NO 

Nickel EPA 200.8 0.00200 0.160 0.00310 

Zinc EPA 200.8 0.00500 0.110 0.0136 
---

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
NO = Not detected at the method reporting limit. 
NWTPH-Dx analYSis conducted without organic cleanup. 

18.0 

0.153 

19.8 

3.86 

--
ND 

7.4 

0.00200 

ND 

NO 
, 

0.00490 i 

0.00110 
I 

NO 

0.00550 
I 

0.0236 
I 

-- ---- --- I 

, , 
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Table 9 

1997-1998 ANNUAL STORMWATER MONITORING DATA SUMMARY REPORT 
NPDES PERMIT 1200-L 
CASCADE GENERAL, INC. 
PORTLAND, OREGON 

EPA 
ANALYTE UNITS METHOD 

Chemistry 
, 

iPH SU 150.1/9040A 

Total Suspended Solids mg/L 160.2 

Chemical Oxygen Demand mg/L 410.4 

Oil & Grease mg/L 413.1 

Total Organic Carbon mg/L 415.1 

Metals 
Arsenic mg/L 200.8 

Cadmium mg/L 200.8 

Chromium mg/L 200.8 

Cop~er mg/L 200.8 

Lead mg/L 200.8 

Nickel mg/L 200.8 

Zinc m~1L 200.8 

Mercury mg/L 245.1 

Notes: 
ND: Not detected at indicated reporting limit 
mg/L: Milligrams per liter 
su: Standard Units 

-
Sample Point 1 Sample Point2 

10/29/97 4127197 10/29/97' 4124/98 

6.69 6.5 6.67 6.25 
NOS 22.5 13 NOS" 
11.9 37.S 18.4 31.2 
ND5 NOS NOS ND5 
3.29 8.54 5.36 B.65 

NDO.001 NDO.001 NDO.001 NDO.001 
NDO.001 NDO.001 NDO.001 NDO.001 
0.0023 0.0026 0.0046 0.0011 
0.103 0.186 0.161 0.224 

0.0105 0.137 0.0207 0.003 
0.0042 0.0075 0.0115 0.003 
0.523 1.06 0.56 1.37 

NDO.OO02 NDO.OO02 NDO.OOO2 NDO.OO02 ---

Sample Point 3 I 
10129/97 4127/97 ! 

6.8 6.78 
35 40.5 

32.9 57.9 
ND5 NOS 
8.6 13.7 

NDO.001 0.0011 
NDO.001 NDO.001 
0.0064 0.0127 
0.148 0.264 
0.0186 0.0368 
0.0085 0.0099 

1.27 3.32 
l'!Q0.OQ02 NDO.OQ02 



TABLE 10 PORT OF PORTLAND TENANT NPDES PERMIT STATUS 

FACILITY CO-PERMITTEE COMPANY NAME PERMIT TYPE 
Portland International 
Airport 

Yes Aircraft Services International, Inc. 1200-T 
Yes Airport terminal Services 1200-T 
Yes Alaska Airlines 1200-T 
Yes ABXAir, Inc 1200-T 
Yes America West Airlines 1200-T 
Yes American Airlines 1200-T 
Yes AmerifliQht 1200-T 
No, Independent Boeing 1200-T 

.-

Yes Budget Rent-A-Car 1200-T 
Yes Delta Airlines 1200-T 
Yes Emery Worldwide 1200-T 
Yes Empire Airlines 1200-T 
Yes EverQreen International Aviation Company 1200-T 
Yes Federal Express Corporation 1200-T 
Yes Flightcraft, Inc. 1200-T 
No, Independent General Motors Corporation 1500 
Yes Horizon Airlines 1200-T 
Yes Hertz Corperation 1200-T 
Yes LSG /Sky Chefs 1200-T 
Yes Mesa Airlines 1200-T 
Yes Northwest Airlines 1200-T 
Yes Ogden Aviation Services 1200-T 
No, Independent OreQon Air National Guard 1200-T /1700 
Yes PacifiCorp Transportation, Inc. 1200-T 
Yes Portland Fueling Facilities Corp 1200-T 
Yes Reno Air 1200-T 
Yes Skyflight Service, Inc. 1200-T 
Yes Southwest Airlines 1200-T 
Yes Trans World Airlines 1200-T 
Yes United Airlines 1200-T 
Yes United Parcel Service 1200-T 
Yes Western Pacific Airlines, Inc. 1200-T 

Portland Ship Yard No, Operator Cascade General 1200-Z 

Industrial Tenants Yes American Bureau of Shipping 1200-Z 
Yes Calef Machine Tool Rebuilding 1200-Z 
Yes Cavi-Tech, Inc. 1200-Z 
Yes Columbia Wire & Iron 1200-Z 
Yes Farr West Marine, Inc. 1200-Z 
Yes FOSS 1200-Z 
Yes Industrial Marine, Inc. 1200-Z 
Yes International Inspections 1200-Z 
Yes International Paint 1200-Z 
Yes John C. Murdoch, Inc. 1200-Z 

i:\esd\stwater\ TENSW98.XLS 
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TABLE 10 PORT OF PORTLAND TENANT NPDES PERMIT STATUS 

FACILITY CO-PERMITTEE COMPANY NAME PERMIT TYPE 

Yes Kleen Blast 1200-Z 
Yes Lips Propellers, Inc. 1200-Z 
Yes Marine Propulsion Services 1200-Z 
Yes Marine Spill Response Corporation 1200-Z 
Yes Pacific Dynamics Corporation 1200-Z 
Yes Steel head Construction 1200-Z 
Yes Thermal Services, Inc. 1200-Z 
Yes Tvco Submarine System, Ltd. 1200-Z 
Yes U.S. Coast Gaurd 1200-Z 
Yes W & 0 Supply, Inc. 1200-Z 
Yes West Coast Marine Cleaning, Inc. 1200-Z 

MARINE TERMINALS 

T-1 No no permits 

T-2 No Stevedoring Services of America, Inc. 1200-T 

T-4 No Hall-Buck Marine 1200-T 
No Port of Portland 1S00-A 

City of Portland wash 
No Toyota water permit 

T-S No Alcatel Submarine Network 1200-T 
No Portland Bulk Terminals 1200-T 

T-6 No no permits 

INDUSTRIAL PARKS 

Port Center No Freightliner Corporation 1200-L 

Swan Island No Eastern Oregon Fast Freight Truck Line 1200-T 

Portland Inter. Center No no permits 

Tanker Basin No Chevron USA Inc. 1200-H 

i :\esd\stwater\ TENSW98.XLS 
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Table 11 

Environmental Training Conducted or Attended in the 1997-1998 Permit Compliance Year 

PSY Environmental Awareness Supervisors and Managers 11/97 

PSY Environmental Awareness Supervisors and Managers 3/98 

Aviation Construction Dewatering Construction Inspectors 9/98 

Aviation Erosion Control Construction Inspectors 9/98 
Aviation Storm Water Awareness PDX Fire, Maintenance, Airside 9/97 

Operations 
Aviation Deicing Awareness PDX Fire, Maintenance, Airside I 9/97 

Operations 

Aviation Spill Response Various PDX Staff 97/98 
Aviation Hazwoper 8 hr Various PDX Staff 97/98 

Aviation Storm Water PDX Environmental Staff, PDX 4/98 
tenants 

Marine/ AAP A Harbors, Navigation Marine Environmental Manager 5/98 
Environmental Control - Port 
management practices, source 

control 

Marine/SET AC Beneficial plants for storm water Marine Environmental 10/97 
control/sediments ManagerlESD Staff 

Properties Columbia Corridor Properties Staff Spring 98 
Association/Storm Water Title 3 

Awareness 

Z PrO ertles Wetlands Seminar Properties Staff 2/98 
~ ESD Hazwooer 8 hr ESD Staff 97/98 
s: » 
;a 
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.....lo. S:IPROJ95\955059NYlT ABLE-lI.DOC 09-24-98 

ex> 
c..n 
<D 
.....lo. 



z 
~ 
s: » 
;a 
.....lo. 

ESD 

ESD 

REMCON 

Gov't Institute 

Gov't Institute 

Environmental Law Education 
Center 

AAAE 

Regional Spill Response 
Committee 

Washington Public Port 
Association 

.....lo. S:lPROJ95\955059Ny\T ABLE· 1 I. DOC 09-24-98 
ex> 
c..n 
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Wetlands Conference 

Storm Water 

Environmental Awareness 

Environmental Boot Camp 

Environmental Sampling 

Storm Water 98 

Aviation Environmental 

T -6 Spill Response Plan 

Fall Environmental Conference 

ESD Staff 11197 
ESD Staff 11/97 
ESD Staff 12/97 

ESD Staff, Marine 9/97 
Environmental Staff 

ESD Staff 6/15-19/98 

ESD Staff 8/98 
ESD Staff, Aviation 6/98 
Environmental Staff 

PDX Environmental Staff, ESD I 3/30-31198 
Staff 

Spill Group Members, Marine 7/8/98 
Staff 

ESDManager 7/98 



Table 12 

Storm Water HMP Maintenance Schedule (PDX and PIC) 

B . asm L f oca Ion BMP F requency 
1 South of west end of Taxiway C Absorbent boom 4 months 

where pipe daylights 
2 West Quiesent Pond Absorbent boom - inlet 2 months 

end 
2 West Quiesent Pond Absorbent boom - 4 months 

middle section 
2 West Quiesnent Pond . Hard boom - outlet end 1 year 
4 Central Quiesent Pond Absorbent boom - inlet 2 months 

end 
4 Central Quiesent Pond Absorbent boom - 4 months 

middle section 
4 Central Quiesent Pond Hard boom - outlet end 1 year 
5 Outfall to slough just west of Absorbent boom 2 months 

Cornfoot and Airtrans Way 
intersection r 

6 East Quiesent Pond Absorbent boom - inlet 2 months 
end 

6 East Quiesent Pond Absorbent boom - 4 months 
middle section 

6 East Quiesent Pond 
-

Hard boom - outlet end 1 year 
7 Ditch off perimeter road north of Two sets of absorbent 2 months 

PDX Maintenance boom 
7 Ditch on south side ofPDX Absorbent boom 2 months 

Maintenance 
7 Ditch west ofPDX maintenance Absorbent boom 4 months 

just east of road into the military 
base 

8 Outfall to slough, west of 92Dd Absorbent boom 4 months 
9 Culverts on the south side of the Absorbent boom 4 months 

Airport Way and 1205 
interchange 

NWMAR 118593 



Table 13 

Portland International Airport 
Oil-Water Separator Cleaning Program 

Separator Number 
1 

2 

3 

4 

5 

6 

Location 
PDX Maintenance -
Vehicle Storage 
Bam 

PDX Maintenance -
Wash Rack 

PDX Maintenance -
Vehicle Maintenance 
Bay 

Connection 
Sanitary 

Sanitary 

Sanitary 

PDX Maintenance - Storm 
Fuel Island 

PDX Fire Station Storm 

PDX Fire Training Land Application 
Facility 

Month of Cleaning 
February 

April 

June 

August 

October 

December 

NWMAR 118594 
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Table 14 Dry Season Observation Schedule 
Operating Major Outfall Location 

Area 
Aviation SS12000 NE 92nd, west of bridge, north side of slough 
Aviation SS12500 NE 55th & Comfoot, POX 
Aviation SS12200 NE Alderwood, POX 
Aviation SS04PP NE 47th & Comfoot 
Aviation SS6300 Carl St., POX 
Aviation SS03PP West of Airtrans and Comfoot, POX 

Marine, T-1 WW43PP* Near House 106, T-1 S 
Marine, T-1 WW48PP Berth 101, T-1 N 
Marine, T-1 WW46PP Berth 104, T-1 
Marine, T-1 WW41PP* E. comer of terminal, T-1 S 
Marine, T-1 WW42PP* Berth 106, T-1 S 
Marine, T-1 WW45PP Between B.1 04&1 OS, T-1 S 
Marine, T-1 WW47PP Berth 102, T-1 N 
Marine, T-2 BC50PP N. of Ware. #203, T-2N 
Marine, T-2 BC54PP Between B.204&205, T-2S 
Marine, T-4 SJ25PP T-4, Berth 415 
Marine, T-4 SJ23PP N. of B.415 
Marine, T-4 SJ27PP T-4, Berth 416 
Marine, T-4 SJ15PP Berth 405, under pier 
Marine, T-4 SJ19PP T-4, Berth 411, Pier 2, B.410 
Marine, T-4 SJ20PP T-4 Berth 411, under pier 
Marine, T-4 SJ13PP T-4, B 401 
Marine, T-4 SJ26PP T-4, Berth 416 
Marine, T-4 SJ24PP T-4, Berth 414 
Marine, T-4 SJ17PP T-4, S of Berth 405 
Marine, T-4 SJ21PP T-4, Berth 411 
Marine, T-4 SJ22PP T-4, Berth 414 N. 
Marine, T-4 SJ18PP S. of B.405, under pier, T-4 
Marine, T-4 SJ14PP Between B.401& 403 
Marine, T-4 SJ28PP Berth 416, South Lot 
Marine, T-5 RG11PP T-5 north end of Columbia Grain 
Marine, T-5 RG04PP 1st outfall, East end ofT-6 
Marine, T-5 RG12PP 200 yds. south of RG11 PP, T-5 Columbia Grain 
Marine, T-5 RG13PP Port. Bulk Facility, under dock, T-5 300 yds S. of Alcatel property 

4 

Priority 
Outfall 

X 

X 

X 

X 
X 
X 

1997 

X 

X 
X 

X 

X 

X 

X 

X 

X 

1998 1999 2000 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 
X 

X X 

X 
X 

I 
, 

X 
X 

X I 

I 

X ! 

X 
X 

X 
X 

! 

I 

I 
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Tab\e 14 

Marine, T-5 
Marine, T-6 
Marine, T-6 
Marine, T-6 
Marine, T-6 
Marine, T-6 
Marine, T-6 
Marine, T-6 
Marine T-6 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 

PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 

RG12.5PP* 
RG07PP 
RG04PP 
RG08PP 
RG10PP 
RG05PP 
RG09PP 
RG06PP 

RG07.5PP* 
RG15PP 
RG16PP 
RG17PP 
RG18PP 
SJ45PP* 
SE53PP 
SJ43PP 
SJ44PP* 

WW44PP* 
WW77UN 
SJ26UN 
SJ37PP 
SJ23UN 
SJ41PP 
SJ30UN 
SJ31UN 
SJ25UN 

SJ31.5UN* 
SJ36PP 
SJ42PP 
SJ28UN 
SJ35PP 
SJ39PP 
SJ33PP 
SJ34PP 
SJ29UN 
SJ24UN 
SJ27UN 
SJ38PP 

T -5 Alcatel Prop. NW of parking lot X 
First Pier, 300 yards E of T-6 X 

1st outfall, East end of T-6 X 
NW end of pier- T-6 X 

T-6 Kelly Point Boat Ramp, Hyundai X 
800 yards E of T-6 X 

W of Pier at berth 601 next to Kelly Point Park X 
450 yds. E. of T-6 X 

NE end of Pier X 
30" outfall north of western transportation X 
30" outfall south cif western transportation X 

30" outfall 112 way betwe.en rivergate blvd & N. lombard X 
60" outfall N. lombard and Columbia slough X 

Ports O'Call, Swan Island X 
NW Front and Doane X 

Freightliner, Swan Island X 
Ports O'Call, Swan Island, under bridge X 

Berth 105, T,..1 S X 
Terminal 1 North of Ware.#5 X 

Between B.79&B.91, berth 304 X 
East of Building #60 X 
PSY, berth 303, B.50 X 

PSY, berth 314, B.134 X 
PSY berth 303, p 38 & 39 X 

Between B.118&B.119, berth 305 X 
B.91, berth 304 X 

B.111 X 
East of Building #50 X 

N.Channel & N. Dolphin X 
B.131&132 X 

PSY, berth 302, B.1 X I 

PSY, berth 313 X ! 

PSY, berth 303,p33 X 
PSY, berth 3021303, B.4 X 

B.130 X 
PSY, berth 304, B.79 X 

PSY, berth 303/304, between B.55 and B.79 X 
East of Ballast Water Fac. X 

, 

5 
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TABLE 15 1997 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

OUTFALL LOCATION DATE FLOW ODOR STAINING 
STRUCTURAL 

COLOR CLARITY FLOATABLES VEGETATION 
CONDITION 

RG04PP E ofT-6 7/24/96 Yes None None Normal Clear Clear None Normal 
~---- ---------I------~-- ---~------ --------------- -- -

RG05PP 
800 yards E of 

7/24/96 No None None normal Normal 
T-6 

- --------------~ 

20' section of r-------
--~--- ------------ -- --- - _._. ---- -------

RG06PP 
400-500 yards 

7/24/96 No None None 
pipe broken off 

Normal 
E ofT-6 and laying in 

sand 
r-- ----- _0 _____ '---

-~ -------- -- --- -------

20' section of 

RG07PP 
First Pier, 300 

7/24/96 No None 
culvert broken 

Excessive growth 
yards E of T-6 off and laying in 

sand 
----- ---------~-

RG08PP 
NW end of pier-

7/24/96 No None Normal Normal 
T-6 

~~ ------------
Wof Pier at 

RG09PP 
berth 601 next 

7/24/96 No None Normal Normal 
to Kelly Point 

Park 
1--- - -_. ~---

RG10PP 
T-6 Kelly Point 

7/25/96 Yes None Rust Normal Clear Clear None Normal 
r---

Boat Ramp 
--- -----------

RG11PP 
T -5 Columbia 

7/25/96 No None Sediments Normal None 
Grain 

--------- ... -~ f--- -~ ------ -------

T-5 Alcatel 
Sediments, 

RG12APP Prop. NWof 7/25/96 Yes None Normal Clear Clear None Excessive growth 
parking lot 

rust 
---_._-- -- .. _--

T-5 Columbia 
Last 8' section 

RG12PP 
Grain 

7/25/96 Yes None Sediments broken off from Clear Clear None None 
rest of line 

-----~- - - --- --------t-- ------1------ ----- -------- - -- --- -- -- --------- ------------- --- - -

T-5 300yds S. 
Yellow/ Inhibited growth 

RG13PP of Alcatel 7/25/96 Yes None None Normal Clear None 
property 

brown tint at outfall 
-------- ----_ ... _---- - -- -~ I- --- - -----

T -5 300 yards 
Yellow/ Inhibited growth 

RG14PP S of Alcatel 7/25/96 Yes None None Normal 
brown tint 

Clear None 
at outfall 

prop 
- --- -----

*May not be Port owned outfall. Still confirming 
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TABLE 15 1997 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

OUTFALL LOCATION DATE FLOW ODOR STAINING 
STRUCTURAL 

COLOR 'CLARITY FLOATABLES 
CONDITION 

SJ13PP 
T -4, Schit. 

7/30/96 No Rust Pipe cracked None 
steal, B 401 

~-----------. 

Berth 405, 
SJ15PP 

under pier 
8/6/96 No 

--.----,-- ----~ 1----------- .- ---_.-----_._-- -_ .. _ ... - --- --

SJ17PP T -4, Berth 405 8/6/96 No 
-- -_._._--_ .. _--1------- ----- --~-- --- -- ---

SJ18PP 
T -4, Berth 408, 

8/6/96 No 
Sediments, 

Normal 
under pier moss-like 

-- I--~.-.-------.--- 1--- --- .--- ------- ---_. __ .----- ------_ .. _ .. -

SJ19PP 
T -4, Berth 411, 

7/30/96 Yes None Rust Normal Clear 
Slightly 

None 
Pier 2 turbid 

--

Follow Pipe normal, 
SJ19PP T-4, slip 2 up visit No None concrete 

8/6/1996 cracking 
------- -----

f--T-4 Berth 411 , 
-----------_. -- ----.-~-- ----- I-----~--- --------- f---- --- --- --- ~--

SJ20PP 8/6/96 No None Normal 
under pier 

------"_ .. --_. -"-- -----------

Metal corrosion, 
SJ21PP T -4, Berth 411 8/6/96 No None pipe separating 

@ 3 places 

30'-40' steel 

SJ22PP 
T -4, Berth 414 

8/1/96 No 
Sediments, section broken 

N. rust off from 

.- ---- I------- .-- ._---_.-
concrete pipe 

----1-----

Metal corrosion, 

SJ24PP T-4, Berth 414 8/1/96 No 
Sediments, pipe is broken 

rust (uncoiled) in 4 
sections 

-- -----_._--_ .. _------

Yes 
SJ25PP T-4,Berth415 8/1/96 (water None Rust Normal Clear Clear None 

in pipe). 

*May not be Port owned outfall. Still confirming 
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VEGETATION 

None 

f-- ----- -- -- --------

- ."-~--- .. ----- -- -_ .. _- -_.-

None 

-- -_._--_._--_ .. ----. --"-

None 

Normal 

--------------- --

Normal 
------

None 

------------ - ... -~ 

None 

_._ .. __ . __ ... - _ .. _------

None 
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TABLE 15 1997 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

OUTFALL LOCATION DATE FLOW ODOR STAINING 
STRUCTURAL 

COLOR CLARITY FLOATABLES VEGETATION 
CONDITION 

SJ26PP T -4, Berth 416 8/1/96 No None Normal None 
--------

No (end 
SJ27PP T-4, Berth 416 8/1/96 of pipe None Normal None 

buried) 
-~ 

WW41PP T-1 S. 8/7/96 No 
Sediments, Concrete 

None 
rust cracking 

I-- --------- ----- --~.-

WW42PP T-1 S. 8/7/96 No None Normal 
1---- --- -- -- ~-.--------- .. 1-------------- -- ---------- ----------------~-

WW43PP T-1 S. 8/7/96 No 
Sediments, 

Normal 
rust 

----------------------I-- ------------ -- -------~-- - --- ---- ------------

Concrete 
cracking, outfall 

WW44PP T-1 S. 8/7/96 No Sediments flush with None 
concrete shore 

wall 
--- --- --- ---------

WW45PP T-1 S. 8/7/96 No None Normal None 
r--------- ---- ---- ~--.- ------------- - -------- --- ._------ ---. -- - - - - - -- ------ ----- --- ----- -----

WW46.3PP T-1, N. 8/7/96 No None Normal None 
--------- ---------------------------------- ----1--------- ---- - -----

WW46.5PP T-1, N. 8/7/96 No None Normal None 
- -- - ----- --- --- ----- ---- --- - ------ --------f------ ---"- -- -- - --- - -----------

Sediments, 
Metal corrosion, 

WW46PP T-1 8/7/96 No last section of None 
rust 

pipe broken 
-- -- -- - ---------------- 1---------~-------- ---------

WW47PP T-1 N. 8/7/96 No None Normal None 
---------- ----- 1--- ------

WW48.5PP T-1 N. 8/7/96 No 
Sediments, 

Normal None 
rust 

----

WW48PP T-1 N. 8/7/96 No None Normal None 
-- ------- --,._------------- ------- r----------- - ------ ------1------------- ---

BC50PP T-2 N. 8/7/96 . No None Normal None 
- ---

*May not be Port owned outfall. Still confirming 
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TABLE 15 1997 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

OUTFALL LOCATION DATE FLOW ODOR STAINING 
STRUCTURAL 

COLOR CLARITY FLOATABLES VEGETATION 
CONDITION 

BC54PP T-2 S. 8/7/96 No Sediments Normal None 
1--

Ports O'Call, Over grown with 
POC01PP 8/9/96 No Sediments Normal 

Swan Island ivy 
- -- -_._- 1------------- ----- --

POC02PP 
Ports O'Call, 

8/9/96 No None Normal 
Completely 

Swan Island covered under ivy 
1-------- -----~--------- ----~--- ------

Boise 
POC03PP Cascade, 8/12/96 No None Normal Normal 

Swan Island 
~----- --------------_ .. _--1---- -----------~---

Boise 
POC04PP Cascade, 8/12/96 No None Normal Normal 

Swan Island 
------ ----- --_._-- --------~--- 1--- --~-~ - ---- --- ------------- --

Chevron2 * Tanker Basin 8/12/96 Yes Oily 
Sediments, 

Normal Clear 
Slightly 

Oily sheen None 
rust, oily turbid 

----- - -------

SJ23UN PSY, berth 303 8/8/96 No None Normal None 
--- - -_._-------------~-

SJ24UN PSY, berth 304 8/8/96 No None Normal None 
--- -- _._-------- 1--- -- ------------------- ----------------- ------ -

SJ25UN PSY, berth 304 8/8/96 No None Normal None 
,-~--- ----I-----~---- ----- --------- -- --------- -------

SJ26UN PSY, berth 304 8/8/96 No None 
Pieces coming 

None 
---

apart, beat up 
---1--------------

SJ27UN 
PSY, berth 

8/8/96 No None Normal None 
303/304 

--- --- -- --

SJ30UN 
PSY, berth 

8/8/96 No 
Sediments, 

Normal None 
303, p 38 & 39 rust 

- ----~-------~-~~ 

SJ31UN PSY, berth 305 8/8/96 No None Normal None 
-----I-----~~-- I-----~- --- -_._- -------- - -- ------ ----- -- ----~- --

SJ33PP 
PSY,berth 

8/8/96 No None Normal None 
303, P 33 

,--------- ----- ----_.- -- - -----~ ---- -- -~--------

SJ34PP 
PSY, berth 

8/8/96 No None Normal None 
302/303 

------ -- ----1-------- --

SJ35PP PSY, berth 302 8/8/96 
Yes, 

None 
Sediments, 

Metal broken Clear Clear None None 
dripping rust 

- --- - --- ... - ------ -

*May not be Port owned outfall. Still confirming 
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TABLE 15 1997 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

OUTFALL LOCATION DATE FLOW ODOR STAINING 
STRUCTURAL 

COLOR CLARITY FLOATABLES 
CONDITION 

SJ39PP -
Slightly 

picks up City PSY, berth 313 8/9/96 Yes None Sediments Normal Clear None 
f1ow-

turbid 
r---------- ---- ------------- --

SJ41PP PSY, berth 314 8/9/96 No None Normal 
1----

Freightliner, 
- - --------- -----

SJ43PP 8/9/96 No Sediments Normal 
Swan Island 

1---------- ---- ~-- ~--.--.------. ~ --

SS03PP POX 8/13/96 No None Normal 
~-

SS04PP POX 8/13/96 No Sediments Normal 
._-------------- --

SS6300 POX 8/13/96 No None Normal 
1---- -- -

SS12000 POX, E. 8/13/96 Yes None Sediments Normal Clear Clear None 
f---- --f--

SS12200 POX 8/13/96 No None Normal 
f-

SS12500 POX 8/13/96 No None Normal 

*May not be Port owned outfall. Still confirming 
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VEGETATION 
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.. ---- ---.-----~-- -- --

Normal 
--------

None 
----- ---------

None 

Normal 
-------

Normal 
---------------

Normal 

Excessive growth 

Normal 
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TABLE 16 1998 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

OUTFALL LOCATION DATE FLOW ODOR STAINING 
STRUCTURAL 

COLOR CLARITY FLOATABLES 
CONDITION 

RG06PP 
T-6 E of 

7/16/97 No None Rust 
Last section of 

Autodock 607 pipe separated 
f-- ----- ------- --- - -~ .. -~----

Clear first, 

RG12.5PP T-5 Alcatel 7/16/97 Yes None 
Sediments, 

Normal 
then Slightly 

Bubbles 
rust brown by turbid 

sediments 
1---- -----~---

Props, 30" 
Rotten 

RG15PP outfall N of 8/5/97 Yes Rust Normal Yellow Clear None 
west. transp. 

eggs 
-- .-

Props, 30" 
Fair, concrete 

RG16PP outfall S of 8/6/97 No None 
sluffing 

west. transp. 
---- --

Props, between 
RG17PP Rvrgte. blvd & 8/5/97 No Oily Normal 

N. Lombard 
---------- --

Props, 60" 
- - r-~~ --------- -- ---

RG18PP 
outfall, Col. 

8/5/97 Yes Sewage Rust Normal Yellow Clear None 
Slough & N 

Lombard 
- -- - -- -------------- ---

SJ13PP 
T -4, Down river 

7/16/97 No 
--

from Cargill - r---------- ----- -- -- - --

SJ15PP T-4 7/16/97 No None 
Pipe has come 
apart 2 sections 

- -------- -- -- --- --1----------- - - --------

T -4, slip 2. Wof 
Soda ash 

SJ19PP 8/5/97 No on rocks Normal 
HBM 

nearby 
- -- -~-~----- --------I--~~ r--------------~-- 1---- - --- -- --------- - ------ f---------- - - ----- --- ---

T-4, Downriver Yes 
SJ25PP end of 416 7/16/97 (water None None Normal Clear Clear None 

Autodock in pipe) 
-- -- --~--~------------- ------------ -------- ---- -_ ..... ----------

SJ26UN PSY, berth 304 Observation in progress 
- --

i :\docs\esd\Stwater\98dy-swo.xls 

VEGETATION 

Normal 
r-------- --- --

Normal 

----------- --

None 

------

Normal 

1------ ---------

Normal 

-~------- --

None 

-_.,- ---- ------- --------

---- --

None 
f-------- ----- -----

Normal 

--- --- - - -_ .. _- -- ----

Normal, none 

f---------- ----



TABLE 16 1998 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

z 
~ 
s: » 
;a 
.....lo. 

OUTFALL 

SJ30UN 

SJ34PP 
-_. 

SJ35PP 
--

SJ39PP 
-_._-

SJ43PP 

. ----.-~ ..... -

SJ44PP 

.-- ---

SJ45PP 

SJ46PP 
- .. 

SJ47PP 
------------

BC50PP 
------

WN42PP 
-----

WN44PP 
r------~-~ .. 

SS03PP 

SS04PP 
~-

SS6300 

LOCATION 

PSY, berth 
303, p 38 & 39 

PSY, berth 
302/303 

PSY, berth 302 

PSY, berth 313 

Swan Island / 
Freightliner 
parking lot 

------c--c-

Swan Island / 
Ports O'Call, 
under bridge 
Swan Island / 
Ports O'Call, 
under bridge 
Swan Island / 

Boise Cascade 
Swan Island / 

Boise Cascade 
-

T-2, Berth 203 

T -1, Berth 1 06 

T-1, Berth 105 

POX, S of 
central pond 

POX, S of 
AMC, Wof47 
POX, E Oet. 

Pond 

.....lo. i:\docs\esd\Stwater\98dy-swo.xls 
ex> 
(J) 
o 
c..> 

DATE 

8/26/97 

-.~-

8/5/97 

8/5/97 

8/26/97 

8/27/97 

8/5/97 

8/8/97 

8/8/97 

7/15/97 

7/15/97 

7/14/97 

FLOW ODOR STAINING STRUCTURAL 
CONDITION 

COLOR CLARITY FLOATABLES 

Observation in progress 

Observation in progress 
---.-----~-.. -

Observation in progress 
'-._-

Observation in progress 
.. ---_. _. 

No None Normal 

_. 
.-.~----- I-----~-.- .---~.~--- _._._----1------ -------.-

No None Normal 

_. 
.~----_ ...... _-_.-

No None Normal 

-_. -- ------- -~-.--

No None Normal 
--- --------~ 

No None Normal 
--_._--_._--- .- --------- .'-

No None Normal 
_ .. 

-~---~---
-._._. ..... _- -----~-~ .... -~--.---

No None Normal 
--------_._-

No None Normal 
.. __ .... __ ._- --_ .. ------------ --

No None None Normal Green Clear None 

No None None Normal 

Yes None None Normal Clear Clear None 

VEGETATION 

---------

r--- .-~.-.-~---~-

~-----

. __ ._--

Normal 

----------------- ---

Normal 

f----- .-----.-~---.---

Normal 

r---~. 

Normal 
-----

Normal 
1-----_ .. ~.-----

Normal 
--- .~------- --I 

Normal 
_._---

Nornal, none 
r-------

Normal 
- ._-

None 
I 

--·--~I 
Normal 



TABLE 16 1998 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

z 
~ 
s: » 
;a 
.....lo. 

OUTFALL 

8812000 
--- -----

8812200 
--

8812500 

LOCATION 

POX, off 92nd 
r------c:--

POX, FedEx 
parking lot 

POX 

.....lo. i:\docs\esd\stwater\98dy-swo.xls 
ex> 
(J) 
o 
..j:::o. 

DATE FLOW ODOR 

7/15/97 Yes None 
---

7/15/97 No None 

7/15/97 No None 
-- ---

STAINING 
STRUCTURAL 

COLOR CLARITY FLOATABLES 
CONDITION 

None Normal Clear Clear None 
--------r--------------- - --------------- - - ------

None Normal 
--1--: 1-------------

None Normal 
Brown 1 

Clear None 
green 

------- ----- ----- ----

VEGETATION 

Normal 
--

None 
------------- - ---

Normal 



TABLE 17 1998 DRY SEASON STORM WATER SAMPLING RESULTS 

DATE TEMP 
SPECIFIC FECAL RESIDUAL 

COD 
OIL AND 

MBAS TSS NITRATE 
TOTAL 

OUTFALL 
SAMPLED 

pH (OF) CONDUCTANCE COLIFORM CHLORINE 
(mg/L) 

GREASE 
(mg/L) (mg/L) (mg/L) 

PHENOLS 
(Jls/cm) (MPN/100mls) (mg/L) (mg/L) (mg/L) 

RG12.5PP * 7/16/97 6.8 62.2 117 NA NA NA NA NA NA NA NA 
- ~---------- I-~~~--~-~--~ ~ ~---- r---- ------ ------~--~- I--~ ---~ -- ~- ~--~ --~--~--- ----~------ I-----~--~--- -----------

RG15PP 8/5/97 6.9 63 350 23 NA NA NA 0.01 NA NA NA 
~- --- - ---- 1----- --1----------.--- f- -~- ~~- ._---- -

RG18PP 8/5/97 5.9 67 318 500 NA 32.7 NA 0.07 NA 0.948 NA 
-- - -- ----- -- I--- 1---- ~-~- ~--- - - - -------~ - ----~---- --------

SJ25PP 7/16/97 8.4 71.6 88 17 NO NO NO NO 32 0.173 NO 
---- -------------- -- I----~---- ~--- I--~ ---- ~~ ~~~~------ -------I------~- 1----- ----- --~~~~- -~~ -~~~-- I- -~ -~- ~- ~ -~---~----~-

SS12000 ** 7/15/97 9.2 73.8 259 NA NA NA NA NA NA NA NA 
~--------- 1---- - -~~ ~ ~-~-- -------------------- ---- - --~-

SS12500 ** 7/16/97 9.0 79.3 204 NA NA NA NA NA NA NA NA 
I-~ -- --_._--- --1------ I-~--~---- ~- -~ ---- -- -

SS6300 ** 7/16/97 8.9 74.1 330 NA NA NA NA NA NA NA NA 

z * permitted discharge - analysis not required 
~ ** ground water, thus analysis not completed 
s: NO non-detect 
» NA lab did not performed analysis 
;a 
.....lo. 

.....lo. i:\docs\esd\stwater\98dy-swo.xls 
ex> 
(J) 
o 
c..n 
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Appendix 2 Figure List 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure11 

Figure 12 

"Figure 13 

Figure 14 

Figure 15 

Swan Island Map 

Rivergate Map 

Port Environmental Organization Chart 

Best Management Practices Summary Form 

T -6 Spill Letter 

T -6 Spill Label 

Erosion Control and Dewatering Compliance Letter and accompanying 
documents: Erosion and Sediment Control at Small Sites: Simple BMPs, Erosion 
Control Incident Record, Construction Dewatering Table, Construction 
Dewatering Visual Monitoring Record 

Filter Maintenance Log 

NPDES Storm Water Permit Compliance Requirements 

BMP Inspection and Maintenance Form 

BMP Maintenance Schedule Form 

PDX Urea Prohibition Letter 

PDX "No Wash Policy Letter" and attachments: Port Ordinance No. 361 (Storm 
Water Regulation), Vehicle and Aircraft Washing Alternatives Memorandum, 
Acceptable Washing Practices and Locations, Washing Incident Investigation 
Procedures 

Dewatering Specifications 

Field Data Form / Sampling 

NWMAR 118607 



~ WILLAMETTE RIVEfl 

DATE: AUG 1998 

~ CASCADE GENERAL 

r -; VACANT, AVAILABLE FOR 
••• , LEASE, POSSIBLE SALE 

[I] LEASED BY PORT TO OTHERS 

rii PORT OPERATED 

t) Port of Portland' 
SWAN ISLAND INDUSTRIAL PARK 

MOCKS LANDING INDUSTRIAL PARK 
PORT CENTER BUSINESS PARK 

80 
PORTLAND SHIP YARD 

o 0 800 1600 

SCALE IN FEET 

S198-3000 
DRAWING INTENDED FOR GRAPHICAL U~E ONLY 

REDUCED 50% 
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Figure 2 

• 

DATE: JUL 1998 

KELLEY POINT 
PARK 

(CITY Of PORTLAND) 

• 

• • 
•• • 

PORTLAND BULK 
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• (T5) • 

• • • • • 
• 
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• • • •• • 
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(T8) • 

•• • • • • 
• • • • • • 

• • • .. 
• • • • •• 
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5 .. 

~~~i==~~ 
I I 

I 1/' 
, " I 

I ", 
I ", I, " 

I ", 
I " I 

I//i,'i,' 
1':~/'lf/ 
/ ,"''1/ 

I " I 
I ", I, " 

I ", 
I ", 

I I I I ", ", 
I I 

I 

• 

D TOTAL SOLD 
r"', 
j l ADDITIONAL CAPITAL REQUIRED 
~. 

IlIU READY FOR SALE 

.. rm· • • • 

am 
PORT OR GROUND LEASE 

UNDEVELOPABLE 

G Port of Portland 

RIVERGATE INDUSTRIAL DISTRICT 

1600 o 1600 3200 

SCALE IN FEET 

RG 98-3000 
DRAWING INTENDED FOR GRAPHICAl.. USE ONLY 

REDUCED 50% 
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Figure 3 
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Port MSWMP 40 CFR 122.26(d)(2)(iv)(A) Structural 1 Source Controls 

Figure 4 

Best Management Practices Summary Form 

Form completed by: ______________ Date: ______ _ 

Port Operating Area(s) that the BMP has been or will be implemented in: ____ _ 

Who is responsible for BMP implementation: ______________ _ 

Descnbethe BMP: _______________________ __ 

Who is responsible for maintenance of the BMP: ____________ _ 

Where are the maintenance records maintained: ________________ _ 

How I where is the BMP documented in the operating area: ____________ _ 

01/07198 
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Figure 5 

o Port of Portland 

SPILL RESPONSE PROCEDURES FOR EQUIPMENT 
OPERATORS @ TERMINAL 6, PORTLAND 

This protocol is issued as an element of the Terminal 6 Spill Response Plan to outline 
steps to be taken when an oil spill occurs from a toploader, semi-tractor or forklift on the 
terminal; for example, a ruptured hydraulic hose on a toploader. 

1. Stop and park the vehicle is a safe, paved location away from storm drains. 

2. Report all spills immediately to the Gearlocker, Supervision and Port Security; 
Give: 

•. Vehicle type and number 

• Specific location 
• Nature of spill 
• Your name 

3. Do not continue to operate the vehicle or drive it across the terminal. 
(To do so would spread the spill) 

4. Do not park the vehicle in a gravel or sand area, unless it cannot be moved onto 
pavement. 

5. If on a top loader: remove the storm drai~ cover from the kit on the top loader 
and place it over the storm drain closest to the spill. 

6. Standby for further instruction from supervision. 

2/97 

NWMAR118612 



Figure 6 o Port of Portland 

FOR EQUIPMENT OPERATORS AT TERMINAL #& 

WHEN AN OIL SPILL OCCURS FROM A TOPLOADER, SEMI·TRACTOR OR FORKLIFT 
1. STOP AND PARK THE VEHICLE IN A SAFE, 

PAVED LOCATION AWAY FROM STORM DRAINS. 

2. REPORT ALL SPILLS IMMEDIATELY 
To~ THE GEARLoCKER, SUPERVISION, PORT SECURITY AND 

PROVIDE THE FOLLOWING INFORMATION 

• VEHICLE TYPE & NUMBER • NATURE OF SPILL 
• SPECIFIC LOCATION • YOUR NAME 

3. DO NOT CONTINUE TO OPERATE THE VEHICLE OR DRIVE IT 
ACROSS THE TERMINAL. 

4. DO NOT PARK THE VEHICLE IN A GRAVEL OR SAND AREA, 
UNLESS IT CANNOT BE MOVED ONTO PAVEMENT. 

5. IF ON A TOPLOADER REMOVE THE STORM DRAIN COVER 
FROM THE KIT ON THE TOPLOADER AND PLACE IT OVER 
THE STORM DRAIN CLOSEST TO THE SPILL. IF POSSIBLE 
CAREFULLY EXIT VEHICLE AWAY FROM THE OIL SPILL AREA. 

6. STANDBY FOR FURTHER INSTRUCTIONS FROM SUPERVISION. 

I 
f 
; 

NWMAR118613 



Figure 7 

o Port of Portland 

Memorandum 

To: 

CC: Kathi Futomick 

From: Sarah Yount 

Date: April 9, 1998 

Re: Erosion Control & Dewatering Compliance 

This memo is sent as a reminder of the Ports need to maintain compliance with 
the Construction, Dewatering and Municipal storm water permits. The 
construction inspectors are the Ports front line defense in protecting the Port 
from permit violations. Hopefully, most of you attended the erosion control 
awareness meeting conducted last year by Ken Willhite and Sarah Yount. 

Attached is some new information concerning erosion control regulations, a form 
to help record any erosion control issues encountered in the field, Port 
dewatering protocols, and a dewatering form. The engineering group has 
developed dewatering specs for Port project bid packages. Ken can provide you 
with a copy of the specs. 

ESD hopes to sponsor an erosion control I dewatering construction inspector 
workshop this spring. We will keep you posted. 

Thanks for taking the time to review these materials, please call ESD with any 
questions. 

NWMAR118614 



3-16-1998 3:03PM FROM ACWA 5032366719 
" . 

I' , , 

EROS, "N AND SEDIMENT, CO.NTROL ,AT SMALL SITES: 
',IMPLE BEST MANAGEMENT PRACT1CES 

In recent years, the impact,Q ': s~onn water runoff and other non-point sources of politition On streams, lakes and 
estuaries has become more pparent AU cOllUIlunities. regardless of size or location, are becoming more concerned 
about storm water runoff fro :small as well as large construction sites. , 'Presently there are no federal or state 
regulations for erosion and sd:iment control for construction sjtes under five acres: ' , 

Until there are regulations,f,r small construction sites (les~ t1ian five acres), the Department of Environmental 
Quality (DEQ) staff have co piled the following list of simple beSt management practices (BMPs) for consideration 
and use by local governmen s and contractors concerned about erosion control. BMPs are the most cost effective 
and efficient methods for re u~ing storm water runoff ~t small construction sites. 

I • . ' 

At the street: 

I.' 

• Protect street storm wate'.' Wets with block & gravel or biobags. (Th.is is the single most important practice 
for sites that drain to s ,. eets.) ,.', . 

• Maintain the street inlets,:, After a heavy rain, shovel sediments out of the street. 

• Rock is the best material for filtering active drain areas. Use, rock in streets and drain~e ditches. 

• Don't cut your curbs uri, construction is essentially fmished. 

• Underlay driveways wi 'geotextile fabric befo~ laying down roCk. This ~ethod saves money by not having to 
replace rock that otherwi: 'would disappear into ·the mu.d., The fabric also helps to prevent mud from pumping 
up through the rock and : Doing into the street. 

On the site: 

, , , 

• Use silt fencing'liberally . d leam how to install ~t properly. (Recycle fencing and use again on your next jog.) 

• Limit the area onsite \vh ~'heavy' equipment is allowed; this will mi~mize soii disturbance. 

• When it is raining, ch~ Where water is flowing onsite and act 8.C;Cordingly to minimize runoff. 

• Fmd a pl~ onsite wl?-er ·captured sedim~nts Can be ,safely dum~d and covered. if necessary. 

. .. . 
• If possible~ use cutoff di, hes to re-direct runoff that wQuld otllenvise run onto the site. Keep as much storm 

water off the active build' ,g site as possible: 

. 
• Use cutoff trenches to '.' : ct dirty water into depressions, open grassy fields, swales, etc ... (The use of ditches is 

an inexpensive. yet effec ,:ve management practice.) , 

• Dig a depreSSion in areas iNhere water will concentrate. Digging holes in the ground (natural surface, not fill 
areas) is an inexpensive :ethodand can settle out a lot of sediment. 

March 11. 1998 
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3-16-1998 3:04PM FROM ACWA 5032366719 

• Fill any gumes as soon as ' ~y become sigiuficant. 'Either'regrade the area or fill the' , ,y with straw bales, rocle 
orbiobags. ,. 

• If an area onsite is in a final:grade state arid,w,ill not·be us~ for any sUbsequent ~ons ·'tion purposes. lay 
topsoil down and seed it. T ,"s is a tremendously effective 'erosion cQntiolpractice. ',';' 

" ,', 

, ' , 

" If you need rock for your c' 'pstruction~,buy it early. use the rock for erosion con~ol n, w and construction later. 
" ' 

• Cover stockpiles with a ' : and/or dig in :Silt fenciIlg around' the st~kpiles. 

• Save slash and spread it on ,; xposed ground to prevent ¢rosion. 

• If sidewalks are to be ins ' eel.. cut th~m in early. The ~acant "Pour space" can store'.a, ot of water. 

• Straw is cheap and makes :$OOd ground cov~ to slow ~off., 

• Straw bales will create un ~ted dams. If you use :straw bales ~ a;ctive drainage ditch ' " leave a I-foot opening 
between the two bales t~ ,order,the low point o{tlie ditch. ,Place rock in this l-foOt Pening. This method 
keeps runoff flowing down ,itIe center of the ditch and p~vents sidecutting. " , 

. : ". .. 
I,,' 

• Straw wattles are a cheap ',' d effective cOQ.trol for: steep"slopes .. 

• Burlap netting'is another auvely inexpensive an~ eff~ctive method' for use on steep; lopes andlor fill slopes. 

low down water veloci~s in trenches. use' rebar to sec" : ,the' plywood. 

• ,Consider usi~g biobags. ,ey can be'cleanect and use4,again at another si~. ;' ~. :' 

STORMWATER MANAG ,.,' NT: REGULATO~YSTATUS ' ." 
.' . 

, "nts to the Oean Water Acl'pWed by a;np~. the ti,~,~' E~~oti~ental Pro~ection 
Agency (EPA) adopte<l"P ,r storm wa~ management roles. The ,Phase I rules requ' ,,~torm water permits for 
some ind~tria1 sources, all co " ~ction sites greater than 5 acres and urban ~as with·Po ,'lations greater than ' 
100.000. ""Phase D7' stonn w ' rules, are scheduled for ~ease in 1998. If adopted. the' , , ase IT rules will req~re a 
stonn water pennit for consttu tion sites doWn to 1 acre ,in siZe and for commuriitiesWitl; ~pulations greater than 
10,000. In 1996, the OEQ co.. '~ned an advisory co~e to develop state rules for ec<) i~n control at small 
construction sites (less than ti ;' ,acres), TIre proposed rules'developed by the advisory c" 'tree, may be adopted 
in the future, along with EP A~ 'Phase n storin water management rules. ' 

'. . . 

These changes will require sto: " water managemerit from communities ,that haveotheryii" ,not been required to 
address the issue in the past. 'ntiJ. requ.ireme~tS are established, the Environmental Parm rships for Oregon 
Communities AdvisOry Co ,'nee recommended that PEQ identify simple, cost effecti~ 'BMPs for small 
consttUCtion sites for imple ',tation on a voluntary basis,' ' 

March 11. /998 
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EROSION CONTROL INCIDENT RECORD 
For Internal Use Only 

Inspectors Name: ___________ Date: ______________ _ 

Drainage Basin Project Located In: _____________________ _ 

Name Of Project: ___________________________ _ 

Port I Tenant Project Contact: ______________________ _ 

Contact Phone Number: ________________________ _ 

Erosion Control I Water Quality Issue: ____________________ _ 

Corre~veA~on: _________________________________ _ 

Immediate Follow-up A~on Required: ________________________ _ 

Follow-up Schedule: _________________________ _ 

Record Distribution: __________________________ _ 

Erosion control Inspectlon I1K)OI'd 

NWMAR118617 
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Construction Dewatering 

Visual Monitoring Record 

Internal Use Only 

Date Water Quality 

Time 
Observations 

constructionldewatvo3.doc 4/9/98 

Odor 
Present? 

yes/no 

yes/no 

yes/ no 

yes/no 

yes/no 

yes/no 

yes / no 

yes/ no 

yes/no 

yes/no 

yes/ no 

yes/ no 

yes/ no 

yes/no 

yes/no 

yes/no 

Oily Estimated quantity Action Taken Initials 
Sheen of discharge 

reaching the storm 
system 

yes / no 

yes / no 

yes / no 

yes/ no 

yes/ no 

yes/ no 

yes / no 

yes/ no 

yes / no 

yes/ no 

yes/no 

yes / no 

yes/no 

yes / no 

yes/ no 

yes / no 
. 



DRAFT 5/14 
CONSTRUCTION DEWATERING 
Project Location Dewatering Length Pennit Port Sampling Monitoring Documentation 
Entity Discharge of Requirements Agreements Requirements & Requirements Requested 

To: project Required Guidelines 
Port POX/PIC Water any SCO NO: Contractor will be required to follow Sampling as required by No visual monitoring is .. Dewatering Plan from 
Project length dewatering specifications as outlined the SCO, Initial samples required contractor 

. . in bid package. and one monthly sample 
will be analyzed for TPH, 
C:OD, TSS, VOCs, and 
tUrbklity. Pennit 
Requirements 

Port All other-Port Water less Port NPDES NO: Contractor WIll be required to follow Not required unless Continuous visual Dewatering Plan from 
Project locations than 2 Municipal stonn dewatering specifications as outlined contamination is monitoring of discharge contractor 

weeks Water Pennit in bid package encountered for any indications of (Port Contractor must 
contamination. understand 

responsibility to stop 
discharging if 
contamination in 
encountered) 

Port All other Port Water more Port NPDES NO: Contractor will be required to follow Sampling requirements are VISual monitoring should Dewatering plan -
Project Locations than 2 Municipal stonn dewatering specifications as outlined as follows: An initial sample be conducted between contractor 

weeks Water Pennit in bid package and 8 quartel1y sample will monthly samples 
(e~pt GA airports) be analyzed for TSS, TPH, 

COD, VOCs and turbidity. 
Guidelines 

Port PIC/POX Land any 1500B - PICIPDX NO: Port contractor must understand Weekly to monthly VISual monitoring for flow Dewatering Plan from 
Project (treated .Iength pennit in place requirements of the,1500B pennit monitoring may:oo rates. Pennit requires contractor 

water? required. Typical records on amount of 
parameters, TPH, discharge applied Pennit required 
benz,ene, pH, and flow monitoring records 
P!!!!,it Requirements 

NWMAR118619 



DRAFT 5/14 

Project Location Discharge Option Length Pennit Port Sampling Monitoring Documentation 
Entity. of time Requirements Agreements Requirements & Requirements Requested 

Required Guidelines 
Port All other Port Land any 1500B- must NO: Port contractor must understand Weekly to monthly VISual monitoring for flow Dewatering Plan from 
Project Properties (tre~ted length aquire for each requirements of the 1500B permit monitoring may be rates. Permit requires contractor 

wa!~r) project required. Typical records on amount of 
parameters, TPH, discharge applied Permit required 

(e~pt GA airports) benzene, pH, and flow monitoring records 
Pemlit Requirements 

Port Any port,froperty Land any None NO: Port Contractor must understand to Not required unless VISual monitoring is Dewatering Plan -
Project (untreated length stop discharging if contamination is contamination is required~ Contractor 

water) encountered. encountered 

Tenant PICJPDX Water any SCO YEs: Tenant must enter into a Must sample as required b~ No visual monitoring is Dewatering Agreement 
Project length dewatering agreement See attached agreement Initial and required - however still a 

generic language. bi"Neekly samples will be good practice to maintain Dewatering plan -
analyzed for COD, TSS, contractor 
turbidity, VOCs, and TPH 
Pe~it Requirement sample data 

Tenant All Other Port Water less Port NPDES YEs. The needed language can be Not required unless Continuous visual Dewatering Plan from 
Project locations than 2 Municipal Storm incorporated into the permiUright of entry contamination is monitoring of discharge contractor 

(e~pt GA airports) weeks Water Permit for construction or in a dewatering encountered for any indications of 
agreement The language must include a contamination. Signed right of entry 
requirement for a historical review (to be language or 
done by ESD)of the property for possibHity dewatering agreement 
of contamination and a requirement for the 
contractor to stop dewatering upon any 
signs of contamination 

Tenant All Other Port water More Port NPDES YES: Tenant must enter Into a dewatering Must sample as required b~ No \'isual monitoring is Dewatering Agreement 
Project locations than 2 Municipal Storm agreement agreement Initial and required - however stili a 

(e)Q!pt GA airports) weeks Water Permit biVreekly samples will be good practice to maintain Dewatering plan -
analyzed for COD, TSS, contractor 
turbidity, VOCs, and TPH 
Guidelines sample data 

NWMAR 118620 



DRAFT 5/14 

Project Location Discharge Option Length 
Entity of time 

Tenant POX/PIC Land any 
Project (treated length 

··~ter) 

Tenant All Other'Port Land (treated any 
Project locations water) length 

Tenant All Port Property Land any 
Project (untreated length 

water) 

'" Acquiring a blanket VVPCF - 15008 permit for PIC and POX 
** Permits must be obtained by tenant 

Pennit 
Requirements 

Port 15008* 

Water Pollution 
Control Facilities 
Permit - VVPCF 
special permit-

None 

Pennit Requirements - must be completed as stated - mandated by DEQ 

Guidelines - can be fle>CIble depending on length and location of project 

Port Sampling Monitoring Documentation 
Agreements Requirements & Requirements Requested 
Required Guidelines 
YES: Tenant must enter into a Must sample as required b) VISual monitoring for free Dewatering plan from 
dewatering agreement. agreement and permit. product weekly. contractor 

Weekly samples for flow 
and free product. Monthly Dewatering agreement 
samples for pH, TPH and 
benzene. Pennit Sampl~data 
Requirement 

NO: Must comply with conditions of Weekly to monthly VISual monitoring for flow WPCF permit 
permit issued by DEQ. monitoring may be rates. Permit requires 

required. Typical records on amount of Dewatering Plan 
parameters, TPH, discharge applied 
benzene, pH, and flow Permit required 
Pemlit Requirement monitoring records 

YES. The needed language can be Not required unless Continuous visual Dewatering Plan from 
incorporated into the permit/right of entry contamination is monitoring of discharge contractor 
for construction or in a dewatering encountered for any indications of 
agreement. The language must include a contamination. 
requirement for the contractor to stop 
dewatering upon any signs of 
contamination 
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Filter Location 
(identify which filter - where 
it is in the yard) 
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Date Filter Date Filter Comments 
Inspected Changed 



Figure 9 

0," 

NPDES STORM WATER PERMIT COMPLIANCE REQUIREMENTS 
INSPECTION- SAMPLING - MAINTENANCE 

OUTFALLM - MANHOLE 2 OUTFALL 0 - MANHOLE 3 OUTFALL L - MANHOLE 1 
(CDC) (B603) (B605) 

INSPECTION: INSPECTION: INSPECTION: 
Monthly Inspection of MHfor Monthly Inspection ofMHJor Monthly Inspection ofMHfor 
Floating Solids and Oil Sheen Floating Solids and Oil Sheen Floating Solids and Oil Sheen 
[Record Field Data Sheet] [Record Field Data Sheet] [Record Field Data Sheet] 

SAMPLING: SAMPLING: SAMPLING: 
2 Storm Sampling Events 2 Storm Sampling Events 2 Storm Sampling Events 
(Fall/Spring) at MHfor Total 00 (Fall/Spring) at MHfor Total o (Fall/Spring) at MHfor To,tal 0 

Copper, Lead, Zinc, pH, TSS Copper, Lead, Zinc, pH, TSS Copper, Lead, Zinc, pH, TSS 
and Oil&Grease and Oil&Grease and Oil&Grease 
[Record Field Data Sheet & [Record Field Data Sheet & [Record Field Data Sheet & 
COC] CDC] CDC] 

INSPECTION OF DRAIN AREA: INSPECTION OF DRAIN AREA: INSPECTION OF DRAIN AREA: 
Monthly Inspection of Filtered Monthly Inspection of Monthly Inspection of Filtered 
Storm Drains and Catch Basins Unfiltered Catch Basins for Storm Drains at Gearlocker & 
for Debris, Floating Solids and Floating Solids and Oil Sheens Parking Areafor Debris andoDil 
Oil Sheens [Record Maintenance Form] Sheen. 
[Record Maintenance Form] Monthly Inspection of 

Unfiltered Catch Basins in 
Container Areafor Floating 
Solids and Oil Sheens [Record 
Maintenance Form] 

MAINTENANCE: STORM DRAIN MAINTENANCE: STORM DRAIN MAINTENANCE: STORM DRAIN 
ANNUAL CLEANING ANNUAL CLEANING ANNUAL CLEANING 

T6 YARD SWEEPING BEFORE T6 YARD SWEEPING BEFORE T6 YARD SWEEPING BEFORE 
FIRST STORM (FALL) FIRST STORM (FALL) FIRST STORM (FALL) SAMPLING 
SAMPLING EVENT SAMPLING EVENT EVENT 
- MFM DEPT WILL Do - - MFM WILL Do DOCK FACE - - MFM WILL Do PARKING & 

DOCKFACE-

OIL & WATER BAFFLE INSPECTION & MAINTENANCE: SAMPLING: 
SEPARATOR SYSTEM Monthly Inspection and 3 Storm Sampling Events (Fall/ 
AT FUEL ISLANDff ANKS (CDC) Maintenance of Separator Spring/Summer). 2 Samples 

[Record BMP Inspection! Inlet & Outletfor BETX, TPH, 
Maintenance Form] Oil&Grease - Include pH and 
Annual Cleaning of Separator Flow at Inlet Pipe Only. 
[Record BMP Inspection! [Record BMP Field Data Form 
Maintenance Form] Harbor Oil &COC] 

T6 W ASHWATER PERMIT FOR SAMPLING: 
OIL & WATER SEPARATOR 12 Monthly Sampling Events at Separator for Oil&Grease 

[Record Field Data Sheet COC] 
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Figure 10 

BMP INSPECTION AND MAINTENANCE FORM 
FUEL ISLAND AND USTs 

NAME: DATE: 

TITLE: TIME: 

VISUAL OBSERVATIONS: 

RAINFALL: (YESINO) 

pH MEASUREMENT: 

ANy UNUSUAL OBSERVANCES: (COLORIFOAMIODOR) IF YES, ACTION TAKEN: 

LEAKS: (YESINO) 

LOCATION(S): 

ACTIONS TAKEN: 

SAMPLESIMEASUREMENTS TAKEN: 

INDIVIDUAL WHO PERFORMED ANALYSIS: 

ANALYSIS PERFORMED: 

RESULTS OF ANALYSIS: 

ADDITIONAL COMMENTS: 
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Figure 11 

Port MSWMP 40 CFR 122.26(d)(2)(iv)(A)(1) Maintenance 

BMP Maintenance Schedule Form 

Form completed by: _____________ Date: _______ _ 

Port,Operating Area where BMP is implemented: _____________ _ 

Port personnel or Port contractor responsible for BMP maintenance: _____ _ 

What is the frequency of maintenance or the schedule for maintaining the BMP: __ 

Where I how are the maintenance records maintained: __________ _ 

Where I how is the BMP maintenance procedure documented in the operating area: 

Other relevant BMP maintenance information: _____________ _ 

01120198 

NWMAR 118625 



07/16/98 12:33 '6'503 335 1150 

Figure 12 

o Port or Portland 
Box 3529. Portland. Oregon 97206. U.S.A. 
5031231-5000 

May 18, 1998 

«Contact» 
(~Company» 

<<Address» 

Dear Tenant: 

AV FINANCE 

As you may be aware, Portland International Airport (PDX) is evaluating options to reduce and 
control discharges of deicing and anti-icing materials into the Colwnbia Slough. In addition, a 
pending National Pollution Discharge Elimination System (NPDES) J?emtit will regulate all 
aircraft and pavement deicing and anti-icing discharges to stonn water. Permit compliance will be 
achieved. in part. through the implementation of Best Management Practices (BMPs). 

Consequently, starting immediately, the use of Urea for pavement deicing or anti-icing is prohibited 
at PDX. This restrimon is required by The NPDES permit and is being implemented due to concern 
over water impacts to the Coh.unbia. Slough. Urea contains nitrogen, which breaks down to 
ammonia in the environment, resulting in greater degradation of water quality compared to . 
alternative approved materials such as Sodium Forma.te. 

If you have Urea stored at .PDx" this material can be exchanged for an equivalent ·approved 
product. For additional information please contact Susan Aha at 460-432.6. 

Sincerely, 

lohnP. Brockley 
Director of Aviation 

cc: Mike Cheston 
Mary Maxwell 
Larry Medearis 
Fletcher Hunt 
Bm Allen 

F>ort of Ponland offices located in Portland. Oregon. U.S.A. 
Chicago, Illinois; Washington. D.C.; Hong ~ong; Seoul; Taipei; Tokyo 

I:hunVIU5lUJlun;~use.doc 

[ilJ 002/002 
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Figure 13 

May 20,1998 

«Contact» 
«Company» 
«Address» 

Dear Tenant: 

Jennifer L. Bushman 
Environmental Specialist 

~ Portland International Airport 

~ ~ Port of Portland 
Box 3529, Portland, Oregon 97208 
503/460-4523 
800/547-8411, Ext. 4523 
FAX: 503/460-4150 
Internet: bushmj@portptld.com 

Over the past year, the Port of Portland (port) has conducted storm water education and 
awareness training for airport tenants in anticipation of receiving a new Industrial Storm 
Water Permit issued by the Oregon Department of Environmental Quality (DEQ)- All 
tenants, regardless of co-permittee status, are obligated to comply with the terms, 
conditions and Best Management Practices included in the permit. 

This permit only regulates the discharge of stormwater. It does not authorize the 
discharge or on-site disposal of process water, wastewater, wash water, boiler blowdown 
cooling water, air conditioning condensate, deicing residues, or any other non-storm 
discharges associated with the facility_ The non-storm discharge that the Port is most 
concerned with at Portland International Airport (PDX) is wash water. generated by 
vehicle, equipment, and aircraft washing. Deicing discharges are" the subject of a 
Stipulated Consent Order issued by DEQ and will be eventually permitted separately. 

The Port is aware many tenants at PDX wash vehicles, equipment, and aircraft. These 
activities have the potential. to impact the storm water system which discharges. to the 
Columbia Slough. The Columbia Slough is a water-quality limited stream as designated 
by DEQ, therefore subject to stringent discharge standards. In an effort to eliminate or 
minimize water quality impacts to the Columbia Slough from waste water, the Port 
adopted Ordinance 361, to regulate and prohibit the discharge of any wash water, or other 
non-stormwater to the storm water system. 

The Port is requesting assistance from tenants in complying with Port Ordinance 361 
along with other terms and conditions of the airport's Industrial Storm Water Permit. 
Washing of vehicles, equipment, and· aircraft is allowed, but the discharge waste water can 

'. not enter the storm drain system, and/or residue from the washing activities be allowed on 
pavement surfaces where it could be carried off by rain water to the system. Included is a 
list of suggested alternatives which may be used to prevent the wash water and residue 
from entering the storm drains. 

fudustrial Stonn Water Permit 
Page 1 
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Beginning June 30, 1998, the Port will be shutting down any washing operations not in 
compliance with Port Ordinance 361 or the airport's Industrial Storm Water Permit. If 
wash water is observed going down a storm drain, you will be required to immediately 
stop the activity. In addition, we are requesting tenants prevent other types of illicit 
discharges by covering dumpsters and properly cleaning up any spills which may occur. 

If you need assistance, Jennifer Bushman from our environmental department will be_, 
available as a resource to answer any questions or address any concerns you may have. 
Jennifer may be reached at (503) 460-4523. 

Sincerely, 

Fletcher Hunt 
Environmental Manager 
Portland International Airport . . 

cc: Mike Cheston 
Mary Maxwell 
Sam Fowler 

Industrial 8tonn Water Permit 
Page 2 
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bee: 
Kathi Futorniek 
Dorthy Sperry 
Danny Garcia 
Steve Nagy 
Jeff Ring 
PDX Environmental & Safety 

Industrial Storm Water Permit 
Page 3 
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BOO¥. 2520 i'~G: 2081 
ORDINANCE NO. 361 

OF 

THE PORT OF PORTLAND 

AN ORDINANCE REGULATING STORM W.j\TER. 

BE IT ENACTED BY THE rORT OF PORTLAND: 

SECTION 1. FINDINGS AND PURPOSE 

1.1 Findi~gs" 

The· Port of Portland Board of Commissioners .finds: 

(a) The public interest and the interests of the Port of 

Portland will be served if pollution of the Willamette and 

Columbia Rivers and other waters due to pollutants in storm 

water runoff can be minimized; 

(b) Environmental Protection Agency storm water 

regulations adopted pursuant"to the Clean water Act require 

. the Port to obtain a National Pollution Discharge Elimination 

System municipal storm water permit and to man~ge storm water 
, 

by: 

(i) contr~lling the contribution of pollutants to 

Port municipal storm sewers by storm water ~ssociateq 

with industrial activity; 

(ii) Prohibiting-illicit discharges of pollutants 

. to Port municipal separate storm sewers; 
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(iii) Contro11ing the discharge to Port municipa1 

separate storm sewers of spills, dumping, or disposal of 

materiaols other than storm water; and 

(iv) Requiring compliance by third per~ons with the 

foregoing requirements under ordinances, permits, 

contracts, or orders issued by' the Port. 

1.2 Purpose 

The purpose of this Ordinance is to regulate the discharge of 

storm water into P?rt storm sewers to minimize water pollution due 

o to pollutants discharged in storm water, and to comply with the 

Clean water Act and with the °National Pollution Di~charge 

Elimination system municipa1 storm water peJ;Il1it issued to the Port 

under the Clean Water Act. 

SECTION 2 - DEFINITIONS 

As used in this Ordinance, unless the context c~early requires 

otherwise: 

2.1 "Executive Director" means the Executive Director o·f the 

Port. 
o 

2.2 ~Illicit discharge" means any discharge to a storm sewer 

that is not composed entirely of sto~ water, except (1) discharges 

Under an National Pollution Discharge Elimination System (NPDES) 

permit other than the municipal NPDES s·torm wat~ p~it issued to 

I 
I 
.1 
I 
I 
I 
II 
I 
D 
I 

• • • 
I 

• 
I 
I 
I 
• 
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the Port and (2)· discharges resulting from fire fighti~g. 

activities. 

2.3 "Person° in possession of land· oWned by the portee means 

the individual, partnership, corporation, or other entity that has 

a right to occupy or control Port land pursuant to law orunder·a 

lease, permit, right of entry, facility·use agreement, or other 

Qontract with the Port of portland. "Fort land" means lcmd to 

which °the Port holds legal. title and in which the Port has 

something more th~n a mere security interest. 

02.4 "Pollutant" means dredged material, solid waste, 

incinerator residue, fi~ter backwash, sewage, garbage, 'sewage 

sludge, munitions, chemical ~astes I biological materials, . 

radioactive materials, heat, owrecked or discarded equipment, rock, 

sand, cellar dirt, and industrial or agricultural waste. 

2.5· "Port" means the Port of Po~land. 

2.6 "storm sewer" means a conveyance or system of 

conveyances, including wi~out limitation roads with drainage 

systems, catch bas~s, curbs,oqutters, ditches, man~lJlade channels, 

or storm drains, that is designed or· used for col:lecting or 

conveying storm water. 

2.1 "storm water" means storm water runoff, snow melt runoff, 

and surface runoff and ~ainageo •. 
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SECTION 3 - ILLICIT DISCHARGES 

No person shall make, cause, or allow an illicit discharge 

into a storm sewer own~d or operated by the Port. 

SECTION 4 - CONNECTIONS 

No person shall connect to a storm sewer owned or operated by 

the Port without first obtaining written permission from the P~rt. 

SECTION 5 - INSPECTIONS 

Upon reasonable notice to the person in possession of land 

owned by the Port, the Port may inspect that land and storm sewers 

on the land for violations . of this Ordinance or of any law or 

regu~ation governing the conv~yance or disposal of storm water. 

The r~qht to inspect under this section is in addition to any right 
~ 

under a lease, use agreement, or other contract between the Port 

and the person in pos~ession of the land. 

I 
I 
I 
I 
I 
I 
I 
I 
~ 
Iii 

• 
Ii 

• • • • 
I 
I 
I 
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SECTION 6 - RULES 

The Executive Director or the Executive Director's designee 

shall adopt rules to control: 

(1) The contribution of pollutants to storm sewers owned or 

operated by the'Porti 

(2) The quality of storm water discharged from the sites of 

industrial activity on land owned by the Porti and 

(3) The discharge to storm sewers owned or operated by the 

Port of pollutants from_ spills, dumping, or ·the disposal of 

materials other than storm water. 

SECTION 7 - PENALTIES 

Aity person violating section 3 or 4 of this ordinance shall be· 

guilty -of a misdemeanor pursuant to ORS 777.990(2). If a violation 

of sect~on 3 or 4 ~f this Ordin~ce is continuing or recurrent, 

each calendar day during which the violation occurs or continues 

shall be ~eemed a separate violation. 

SECTION S - SAVINGS CLAUSE 

All parts of this Ordinance are hereby declared separable and 

independent of all others. If . any phrase, clause, sentence, 

; 
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paragraph, or section of this Ordinance is declared inva1id for any 

reason, the remainder of this Ordinance shall not be inva1idated by 

that declaration, but sha11 remain in full force and effect. 

ADOPTED THIS (rO-'day of Ihil"j!~ I ~992, being the date 

of its second reading before the Board of Commissioners Qf the Port 

of Portland. 

~b4f!1. 
Ass~stant Secretary . 

By: By: 

OVED AS TO LEGAL SUFFICIENCY APPROVED BY'COMMISSION 
L • 

of Port1and (date). 

'. 

I 
i 
I 
I 
i 
I 
i 
I 
i 
I 
I 
I 
f 

I 
I 
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I 
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MEMORANDUM 

DATE: 

RE: 

May 12,1998 

Vehicle and Aircraft Washing Alternatives 

The following is a list of washing alternatives for the Port and its tenants. 

Alternatives: 

A. Wash water may be discharged to the sanitary sewer. The City of 
Portland regulates the discharge to the sanitary sewer under certain conditions. 
If the quantity of effluent does not exceed 6,000 gallons a day and the effluent 
meets the water quality limitations set by the City, a permit is not required. Even 
though a permit may not be required, the City should be consulted prior to 
discharge to ensure. all requirements are met and to alert them to the increase in 
volume to the treatment plant. Mark Bautista of the City's Environmental 
Services may be contacted at (503) 823-7856 for more information on 
requirements and cost. 

B. Aviation Environmental, Inc. manufactures a semi-permanent Effluent 
Capture and Containment System (ECCS). The ECCS is a tear and abrasion 
resistant non-porous, tri-polymer alloy material which is chemically impervious to 
all fluids normally encountered in aircraft maintenance, washing, and deicing 
operations. The ECCS's semi-permanent platform is capable of being 
disassembled, transported and reassembled at other desired locations on the 
airfield should operations requirements change in the future. Effluent removal 
from the ECCS can be accomplished by utilizing either a sump pump or vacuum 
pump installation. The wash water generated will need to be disposed of to the 
City's sanitary system. Estimated cost of $30,000 to 40,000. 

For more information, contact Aviation Environmental, Inc. at (800) 788-6450 

C. Microsep IntemationalCorporation manufactures the Microsep Aircraft 
Washdown System. The Mircorsep System claims to provide a high rate 
clarification of inert and biological suspended solids, heavy metal precipitates, . 
emulsified oils and fats, and colloidal solids. There is the possibility of recycling 
the water for reuse. Ultimately, the treated effluent would need to be 
discharged to the sanitary sewer. 

This system would require a collection and containment area such as a wash 
pad or ECCS or vacu-boom (see D). Due to a limited treatment capacity, a 
storage tank may be necessary to hold the wash water prior to treatment. The 
treatment system would require regular maintenance and removal of the sludge. 
Due to the treatment of the water. a greater amount of sludge is expected to be 
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produced in this system compared to an oil-water separator. If the water from 
the system could be recycled, this may help to off-set some of the sludge 
disposal cost. 

For more information, contact Microsep at (604) 432-7660. 

D. Vehicles and aircraft can be washed using a vacu-boom collection 
system. The vacu-boom is a hollow, flexible tube 5" in diameter that is placed 
directly on a hard surface to form a downslope side dam or to completely 
encircle the wash or containment area. The boom has a C shaped cross -
section with the open side down. There are small waste water or liquid inlet 
openings on the water side of the boom at the bottom edge. During use, the 
boom is connected by a 25 ft. vacuum hose to the portable wet vac recovery 
unit. When the vacu-boom is turned on, it seals itself to the surface like a giant 
suction cup to form an impervious liquid barrier. The vac unit can then 
discharge the effluent to the sanitary sewer. 

Each individual tenant could purchase their own system and make 
arrangements with the City of Portland to discharge the effluent to the sewer. 
Estimated cost of $2500 to 4000 

For more information, contact Pressure Power Systems, Inc. at (910)996-5585. 

E. Tenants can contract their vehicle washing through vendors such as 
Aero Wash or Websters Power Wash. The vendor should have the ability to 
collect and dispose of any wash water they generate. The Port will not allow the 
discharge of any wash water into its storm system, regardless of any permits 
held by the vendor. 

This alternative is easy for the tenant, and least costly. Many mobile washing 
companies already have the ability to collect and dispose of wash water. Any 
company contracted by a tenant to perform work on Port of Portland property is 
reqUired to have an operating agreement with the Port. 

For more information see the Yellow Pages. 

F. Washing of vehides and aircraft on airport property could be conducted 
with dry chemicals. The use of dry chemicals would eliminate the wash water. 

G. The GRVs could be used to collect the wash water from aircraft washing 
activity. The air carrier would be charged for the service and would have to 
work under a pre-set schedule, or a 48 hour notice requirement The cost to the 
carrier would need to include operator expenses, GRV O&M, sanitary disposal 
charges, and sampling analysis expenses. 

H. For washing of vehides and small equipment wash racks could be used. 
United and. Delta have both expressed a willingness to discuss the option of 
letting other tenants use their wash facilities. In addition, the Port's wash rack at 
the Maintenance Facility may be used .if an agreement could be worked out to . 
satisfy any of their concerns related to Iiablity. 

2 
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I.. The honey rooms could possibly be used for washing of vehicles and 
small equipment. The airlines would need to work out how the different uses of 
the room, sanitary disposal and washing, would be merged. The biggest 
concern with using these rooms would be the potential health issues related to 
the raw sewage disposal in the same area as the washing. 

3 
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Acceptable Washing Practices and Locations 

The following is a list of acceptable washing practices and locations. These are based on 
the collection of the wash water or the direct discharge of the wash water to the sanitary 
sewer system. 

Practices 
Use ofa collection system such as a vacu-boom or storm drain,stoppermat to facilita~e 
the collection of the wash water for later disposal to the sanitary system. 

Washing inside a hanger or other building is allowed (i.e. PDX Fire Station) because the 
drains inside the buildings drain to the sanitary system. 

Locations 
The following locations are acceptable for washing based on the direct drainage to the 
sanitary system. A facility map is attached showing the locations. 

Oregon Air National Guard Facility... OANG has their own stonn water and wash water 
pennits and are allowed to wash under these permits. 

Horizon Maintenance Facility: The ramp on the west end of the Horizon Maintenance 
Facility (the new facility) was constructed with a valve that can divert the wash water to 
the sanitary system. A lighting system has been installed on the valve controls located on. 
the pump roomlGSE building. A red color indicates the system is draining to the sanitary 

. system and should be on when washing is occurring. If washing is occurring the light 
should be red, if it is green this indicates it is draining to the storm water system and is not 
allowed. 

Honey Rooms: These drain to the sanitary system and washing will be allowed in the 
rooms. 

United Airlines Maintenance Facility: UAL has an vehicle and equipment wash pad 
located on the north end of their maintenance facility building, to the east of the North 
Cargo Building. This pad drains to the sanitary system. 

Delta Airlines Ground Service Equipment Facility: The Delta GSE has a washing facility 
on the NW comer of the building that is enclosed. 

Flightcrajt: Flightcraft is in the process of installing a washing pad which will be located 
on the NE comer of building 7405. The completion date for the pad is currently estimated 
as August 1, 1998. Washing at this facility will be acceptable after this date. 

Rental Car Facilities: Individual rental car maintenance facilities and the quick tum 
around area have wash facilities that discharge to the sanitary system, washing is 
acceptable at these facilities. 
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PDX Maintenance Facility: 
- The PDX Maintenance Facility wash rack and the drains on either end of the wash rack 
all drain to the sanitary system. Washing is allowed in the wash rack and at either end of 
the wash rack. 
- The drains in the breezeway of the Maintenance Facility drain to the sanitary system and 
washing of equipment is allowed. 
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Washing Incident Investigation Procedures 

1. Verify the discharge is not allowed under the Aviation Policy (see acceptable washing 
practices and locations) 

2. Ask that the washing activity be stopped immediately 

3. Complete a Washing Incident Report Form 

4. Give one copy of the form to the person who is washing along with a copy of the wash·. 
water policy letter dated May 20, 1998 and attachments. 

5. Give two copies of the form to Jennifer Bushman who will follow up on the incident. 
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Figure 14 

SECTION 02140 
DEWATERING 

A note refers to the article or paragraph which immediately follows. Notes referring to more than one article or paragraph will be explicitly worded to that effect. 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section describes dewatering required for trenching, excavation, and construction of 
underground utilities. 

B. Sand and silt soils that are expected to be encountered in this area are sensitive to 
groundwater seepage and pore pressures. 

1.2 RELATED WORK. SPECIFIED ELSEWHERE 

A. Section 02200, Earthwork 

B. Section 02221, Trenching, Backfilling, and Compacting 

1.3 REFERENCED STANDARDS 

A. ASTM: American Society for Testing and Materials. 

1.4 SUBMITTALS 

A. At least 2 weeks prior to beginning construction work, submit to the Engineer for review a 
statement of method, details, installation, and operation of the proposed dewatering system 
for trenching, excavating, and construction work. The plan shall demonstrate the control of 
groundwater to improve stability of the walls and bottom of the excavations for a period of 
time sufficient for the placement of pipe and structure foundations as shown on the drawings. 

B. Determine and demonstrate the dewatering methods necessary to achieve the groundwater 
conditions specified herein. The range of dewatering options is not intended to exclude the 
use of open pumping with sumps and ditches, subject to the open pumping conditions 
specified herein. 

PART 2 - PRODUCTS 

Not applicable. 

PART 3 - EXECUTION 

Select A for POX or PIC. Select B for RG, HI, or SI. Seclect C for GA airports. 

3.1 DEWATERING REQUIREMENTS 

A. The Contractor may select from the following options: 

1. Option 1, Land Disposal: 

S:\SPECS\DIV -2\02140MT.DOC 
042898 

DEWATERING 
02140-1 
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a. Discharge water from dewatering operations. to the. ground surface for eventual 
infiltration or evaporation. Water shall be contained in a natural or created basin or 
swale approved by the Engineer. If satisfactory containment cannot be achieved, 
utilize Option 2. 

b. Perform daily inspections of the effluent to determine its cleanliness. Evidence of 
contamination includes oil sheen on the water surface, discoloration of soil or water, 
odor of solvents or fuel, or any knowledge of pollutants. Notify the Engineer 
immediately if evidence of soil or water contamination is encountered. When 
contamination is suspected, the Port will obtain effluent samples for testing. 

2. Option 2, Sorm Sewer System Disposal: 

, " a. Discharge water into the storm sewer system which eventually feeds into the 
Columbia Slough. Provide a discharge sampling site located where water leaves the 
construction area. Notify the Engineer at least 24 hours before the sampling site is 
ready. Assist the Port in obtaining effluent samples at least 48 hours prior to the 
beginning of dewatering activities. Do not begin dewatering operations until 
notified by the Engineer. 

b. The Port will test samples for turbidity, total suspended solids (TSS), volatile 
organic campounds (VOCs), total petroleum hydrocarbons (TPH), chemical oxygen 
demand (COD), benzene, ehylbenzene, toluene, and xylenes (BETX). If rio 
significant pollutants are found, the Contrator may discharge into the storm sewer 
system without restriction. The Port will perform monthly sampling at the outfall 
while dewatering discharge is occurring. 

c. After initial testing, perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Notify the Engineer immediately if evidence of soil or water 
contamination is encountered. When contamination is suspected, the Port will 
obtain effluent samples for testing. 

Reminder: Choose B for RG, HI, or SI. 

B. The Contractor may select from the following options: 

l. Option 1, Land Disposal: 

a. Discharge water from dewatering operations to the ground surface for eventual 
infiltration or evaporation. Water shall be contained in a natural or created basin or 
swale approved by the Engineer. If satisfactory containment cannot be achieved, 
utilize Option 2 or Option 3 based on the duration of dewatering operations. 

b. Perform daily inspections of the effluent to determine its cleanliness. Evidence of 
contamination includes oil sheen on the water surface, discoloration of soil or water, 
odor of solvents or fuel, or any knowledge of pollutants. Stop work and notify the 
Engineer immediately if evidence of soil or water contamination is encountered. 
When contamination is suspected, the Port will obtain effluent samples for testing. 

2. Option 2, Storm Sewer System Disposal (Less Than Two Weeks): 

DEWATERING S:\SPECS\DIV -2\02140MT.DOC 
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a. Discharge water from dewatering operations to the storm sewer system as long as 
the effluent looks clean. Perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, .odorof solvents or fuel, or any knowledge of 
pollutants. Stop work and notify the Engineer immediately if evidence of soil or 
water contamination is encountered. When contamination is suspected, the Port 
will obtain effluent samples for testing. 

3. Option 3, Storm Sewer System Disposal (Greater Than Two Weeks): 

a. Discharge water from dewatering operations into the storm sewer system. Provide. 
a discharge sampling site located where water leaves the construction ar~a. Notify 
the Engineer at least 24 hours before the sampling site is ready. Assist the Port in 
obtaining effluent samples at least 48 hours prior to the beginning of dewatering 
activities. Do not begin dewatering operations until notified by the Engineer. 

b. After initial testing, perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Stop work and notify the Engineer immediately if evidence of soil or 
water contamination is encountered. When contamination is suspected, the Port 
will obtain effluent samples for testing. 

Reminder. Choose C for GA airports. 

C. The Contractor may select from the following options: 

1. Option 1, Land Disposal: 

a. Discharge water from dewatering operations to the ground surface for eventual 
infiltration or evaporation. Water shall be contained in a natural or created basin or 
swale approved by the Engineer. If satisfactory containment cannot be achieved, 
utilize Option 2. 

b. -Perform daily inspections of the effluent to determine its cleanliness. Evidence of 
contamination includes oil sheen on the water surface, discoloration of soil or water, 
odor of solvents or fuel, or any knowledge of pollutants. Stop work and notify the 
Engineer immediately if evidence of soil or water contamination is encountered. 
When contamination is suspected, the Port will obtain effluent samples for testing. 

2. Option 2, Storm Sewer System Disposal: 

a. Discharge water from dewatering operations to the storm sewer system as long as . 
the effluent looks clean. Perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Stop work and notify the Engineer immediately if evidence of soil or 
water contamination is encountered. When contamination is suspected, the Port 
will obtain effluent samples for testing. 
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3.2 POLLUTION CONTROL 

A. If pollutants are found in any sample above allowable levels, the Contractor shall work in 
coordination with the Engineer and with the Port Environmental Services Division (ESD) to 
develop a treatment plan to treat effluent prior to discharge. Submit the treatment plan for 
Port review and approval. The treatment plan must satisfy Port permit requirements for 
pollutants identified in the testing. Treatment methods may include settling tank, settling 
pond, or filtration system. Continue to perform daily inspections of the effluent to determine 
its cleanliness. Stop work and notify the Engineer immediately if evidence of soil or water 
contamination is encountered. 

3.3 DEWATERING OPERATIONS 

A. Control ground water in a manner that will preserve the strength of the bottom soils of 
trenches and excavations, will not cause instability of the excavation slopes, and will not 
result in damage to existing structures. 

B. Lower the ground water level before beginning excavation or using wells, wellpoints, or 
similar methods. Maintain the drawdown water level at least 12 inches below the bottom of 
the trench. 

C. Open pumping with sumps and ditches will not be permitted if it results in boils, loss of fines, 
softening of the ground, or instability of slopes. 

D. The Contractor is responsible for dewatering, including the adequacy of the dewatering 
system. Keep trenches and excavations free of water and provide adequate pumping and 
piping equipment to handle and dispose of water. 

E. Provide adequate screens or plugs to prevent objectionable material from entering the 
downstream storm sewer system. Provide adequate screens or filters so that continuous 
pumping of fines does not occur. 

F. Excavation and filling of sumps and ditches in the trench or excavation bottoms for 
dewatering purposes shall be considered incidental to the work and shall be done at no added 
cost to the Port. 

G. Maintain drawdown water level until the trench is backfilled to the original ground water 
level. 

DEWATERING 
02140-4 

END OF SECTION 
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40 CFR 122.26(d)(2)(iii) Monitoring Program 

Figure 15 
Field Data Form 

BMP Effectiveness Monitoring 

Sampling Location: ______________________ _ 

Sampler Name: ___________ Date: ___________ _ 

Days I hours since last runoff occurred: ---'-_______________ ----,-

Days since last sample was collected: <60 >60 

Estimated time rain began: ____________________ _ 

Estimated time storm water discharge began: _____________ _ 

Estimated time rain ended: ____________________ _ 

Total rain gauge amount: ____________________ _ 

(If storm is over 24hrs long - record the 24 hour rainfall amount) 

Time samples collected: ____________________ _ 

pHofflow: ________________________________________________ __ 

Depth of flow in pipe: ______________________ _ 

Visual observations of area: ___________________ _ 

Attach copy of relevant maintenance records: _____________ _ 

Estimate last time area was swept: ________________ _ 

Have any spills occurred in the area in the last 3 months? _________ _ 

" 
(if yes attach spill incident information) 

Comments: __________________________ _ 

04/01198 
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INTRODUCTION 

The Oregon Department of Environmental Quality (DEQ) regulates stormwater from Port of 
Portland (Port) property through the National Pollution Discharge Elimination System (NPDES) 
Municipal Separate Storm Sewer System (MS4) Discharge Permit No. 101314. This Stormwater 
Management Plan (SWMP) describes activities specifically related to implementation of the 
Port's MS4 permit. 

The primary component of the SWMP is a program of Best Management Practices (BMPs). 
These BMPs are actions the Port will take to reduce the introduction of pollutants into waters of 
the state through the MS4, to the maximum extent practicable, in order to protect water quality 
and satisfy requirements of the Clean Water Act. 

The bulk of the plan is included in Section 7.0, which includes summary tables of the Port's 
BMPs. The remaining sections of the plan are organized as follows: Section 2.0 includes a 
description of the Port's legal authority to implement stormwater management programs; Section 
3.0 discusses the permit area and the co-permittees; Section 4.0 discusses the benchmarks for 
TMDL waste load allocations; Section 5.0 discusses SWMP revisions; Section 6.0 discusses the 
reporting requirements; and Section 8.0 presents a summary of the stormwater monitoring 
activities. 

LEGAL AUTHORITY TO IMPLEMENT THE PROGRAMS OUTLINED IN THE SWMP 

The Port has authority to implement programs outlined in the SWMP through ordinance, 
permits, and contracts. 

The Port has statutory authority to enact ordinances to regulate stormwater systems that it owns, 
operates, maintains, or controls. On March 11, 1992, the Port Commission adopted Ordinance 
No. 361, which provides the Port with legal authority over specific activities conducted by 
persons occupying land owned by the Port (i.e. tenants). Ordinance No. 361 prohibits such 
persons from making, causing, or allowing an illicit discharge into a storm sewer owned or 
operated by the Port. Section 4 of the Ordinance requires written permission from the Port 
before connecting to a Port storm sewer. Section 5 of the Ordinance authorizes the Port to 
inspect the land and storm sewers for violations of the Ordinance or applicable law that governs 
the conveyance or disposal of stormwater. In addition, the Ordinance provides the Port with 
authority to control the contribution of pollutants to storm sewers owned or operated by the Port; 
the quality of stormwater discharged from the sites of industrial activity on land owned by the 
Port; and the discharge to storm sewers owned or operated by the Port of pollutants from spills, 
dumping, or the disposal of materials other than stormwater. 

In addition to the Ordinance, the Port has legal authority to control contribution of pollutants to 
the municipal storm sewer system through contracts with its tenants. The lease agreements 
require the lessees to comply with the Port's MS4 permit. Some properties also have industrial 
stormwater permits, with the Port and tenants as co-permittees. Through these regulatory and 
contractual mechanisms, the Port is working with tenants and users of Port facilities to 
implement and evaluate BMPs that will control the contribution of pollutants to the Port's MS4. 
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DESCRIPTION OF THE PERMIT AREA AND CO-PERMITTEES 

The Port is a co-permittee on the Portland MS4 permit with Multnomah County and the City of 
Portland (City). The City is the lead co-permittee. Each co-permittee must implement all 
applicable provisions in their specific SWMP and the associated Monitoring Program. 
Applicable provisions are those relating to requirements, programs, and operations of a MS4 
permit over which the co-permittee has jurisdiction or control. This section provides description 
of the Port's portion of the permit area, Port permit responsibilities, and coordination with 
co-permi ttees. 

3.1 Port of Portland Permit Area 

The Port owns and operates a portion of the MS4 within the City of Portland Urban Services 
Boundary (USB). With respect to the Port, the MS4 permit regulates the discharge of 
stormwater through the Port's MS4 within the Port MS4 permit area. The Port MS4 permit area 
includes all current, Port-owned properties within the USB. Port owned property includes three 
operating areas: 1) Portland International Airport (PDX); 2) four marine terminals; and 3) several 
industrial parks occupied by commercial and industrial tenants. Port owned property also 
includes undeveloped land. 1 

3.2 Summary of Port Permit Responsibility and Coordination with Co-Permittees 

The Port's MS4 permit responsibility is influenced by two factors. First, the City is the lead 
permittee on the MS4 permit. The City generally conducts activities on a City-wide basis with 
some activities overlapping with the Port's MS4 service area. The Port and City also coordinate 
permit requirements through an Intergovernmental Agreement (IGA). Second, the Port is unique 
in that the Port's land use is primarily industrial, with no residential area, and it encompasses 
large-scale parcels throughout the City. Some of the Port's operating areas (marine terminals, 
airport facilities, or industrial parks) are also regulated under NPDES general industrial 
stormwater permits (1200-Z or 1200-COLS permits) and the accompanying Stormwater 
Pollution Control Plans (SWPCP). In addition, DEQ regulates stormwater associated with Port 
construction activities on Port property pursuant to the Port's NPDES 1200-CA Permit. These 
permits and plans contain requirements that overlap with the MS4 permit requirements. 

Because of this complex relationship between the Port's management of stormwater through the 
Port's MS4 within the City's USB, the City's overlapping stormwater management activities, 
and DEQ' s regulation of stormwater on some Port property through industrial or construction 
stormwater permits, a table illustrating permit responsibilities (Table 3-1) was developed to show 
how MS4 permit requirements align with the City's activities and industrial stormwater permit 
requirements and stormwater management activities conducted by the Port or Port tenants. 

1 For reference, all Port property within the City USB is included in the MS4 permit area; however, not all Port 
property currently discharges into the Port's MS4. Some properties do not have a stormwater system, i.e., 
stormwater infiltrates into the ground or flows to surface water via sheet flow, and some properties discharge to the 
City MS4. 
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Figure 3-1 illustrates the Port's permit areas with respect to the Port's MS4 permit area, 
industrial stormwater permit areas, tenant lease areas and tenant-managed industrial stormwater 
permit areas. 

Table 3-1 lists the individual permit and SWMP requirements along the left hand column. 
Responsibility descriptions for each MS4 permit requirement are split into two categories: 
(1) Port MS4 permit service areas that do not have industrial stormwater permits (1200-Z or 
1200-COLS permits), and (2) Port MS4 permit service areas where the Port or its tenant has a 
general industrial stormwater permit (1200-Z or 1200-COLS permits). The two responsibility 
categories are further split between tenants and Port operations. Port operations with industrial 
stormwater permits include operations at PDX and Terminal 2. The Port has recently signed a 
lease to turnover Terminal 6 operations to a tenant. Shortly after the facility is turned over, the 
1200-Z and COLS permits associated with that facility will be held by the new operator. 
Terminal 6 is represented as "Tenant Operated" in Figure 3-1, since the change is imminent. 
Some tenants at PDX and the marine terminals also hold industrial stormwater permits based on 
the activities conducted on their leasehold. 

Some of the requirements outlined in the general industrial stormwater permits, and hence the 
respective BMPs implemented pursuant to the required Stormwater Pollution Control Plans, are 
similar to requirements outlined in Schedule A of the MS4 permit, specifically for operations and 
maintenance activities, certain illicit discharge activities, spill response, and industrial 
monitoring. Therefore, for Port operating areas (Terminal 2 and PDX) and tenants with an 
industrial stormwater permit, some of the MS4 permit requirements related to the above 
activities are addressed through implementation of the industrial stormwater permits. MS4 
permit requirements that are addressed through implementation of the industrial stormwater 
permit requirements are shaded gray in Table 3-1. 

The Port's MS4 permit area lies entirely within the City of Portland USB; therefore, a number of 
activities that the City conducts to meet the MS4 permit requirements overlap with activities the 
Port would also conduct under the MS4 permit requirements. In addition, certain requirements 
are more effectively accomplished under jurisdiction of the City due to the City's broad legal 
authority city-wide implemented through the land use system. As a result, the Port and City 
coordinate certain activities to gain efficiencies and avoid duplication of effort. Specifically, 
planning and implementation of controls for new development, pretreatment inspections, and 
stormwater monitoring are generally conducted under the City's jurisdiction as opposed to the 
Port's. As a result, some permit requirements do not apply to the Port as they are covered by the 
City's activities. These requirements are also shaded in gray in Table 3-1. Areas left un shaded 
in Table 3-1 are addressed by BMPs in the Port's SWMP. The un shaded areas list the specific 
BMPs that meet the permit requirements. 
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TABLE 3-1. Port of Portland MS4 Permit Requirements and Responsibilities 

MS4 Permit MS4 Service Areas Not Covered Under Industrial Stormwater Permits MS4 Service Areas With Industrial Stormwater Permits 

SWMP Requirements Tenants Port Operations Tenants Port Operations 

Schedule A.4.a Illicit Discharge Detection and Elimination. 

1. Prohibit, through ordinance or other regulatory BMP: Implement the Illicit Discharge Detection and Elimination Program. 
mechanism, illicit discharges 

11. Describe enforcement response procedures. BMP: Implement the Illicit Discharge Detection and Elimination Program. 
... 

Develop pollutant parameter action levels BMP: Conduct Dry-Weather Field Screening . 111. 

IV. Conduct annual dry weather inspection activities BMP: Conduct Dry-Weather Field Screening. 
including field screening 

v. Identify response procedures to investigate portions of BMP: Conduct Dry-Weather Field Screening. 
the MS4 where relevant information indicates the likely 
presence of illicit discharges. 

VI. Maintain a system for documenting and procedures for BMP: Conduct Dry-Weather Field Screening. 
responding to illicit discharges 

Vll. Appropriate action for illicit discharge removal. BMP: Implement the Illicit Discharge Detection and Elimination Program. Spill response activities address employee reporting and are covered under 1200-Z 
(7/1/2007) and COLS (9/1/2006) permits 

BMP: Implement the Illicit Discharge Detection and Elimination Program. 
... 

Spill prevention and response BMP: Implement a Spill Response Program for Port Operated Property. Covered under 1200-Z (7/1/2007) and COLS (9/1/2006) permits - Schedule A.3.c.ii V111. 

IX. Notify affected municipality of illicit discharge BMP: Implement the Illicit Discharge Detection and Elimination Program. 
originating within the permittee's permit area 

x. Notify responsible municipality of illicit discharge BMP: Implement the Illicit Discharge Detection and Elimination Program. 
affecting the permittee, originating outside of the 
permittee's permit area. 

Xl. Maintain maps showing major MS4 outfalls BMP: Conduct Dry-Weather Field Screening. 

XlI. Unless identified as a significant source of pollutants, the BMP: Implement a Water Line Flushing Procedure 
following non-stormwater discharges are not considered 
illicit discharges (see Schedule A.4.a.xii) 

Schedule A.4 .b Industrial and Commercial Facilities 

1. Screen existing and new industrial facilities BMP: Screen Existing and New Industrial Facilities These areas are already covered by an industrial stormwater NPDES permit. 

11. Notify DEQ and facility if subject to an industrial BMP: Screen Existing and New Industrial Facilities These areas are already covered by an industrial stormwater NPDES permit. 
NPDES permit. 

... 
Inspection of industrial or commercial areas identified as BMP: Implement an Inspection Program for Significant Pollutant Source Areas 111. 

significant sources of pollutants. 

Schedule A.4 .c Construction Site Runoff Control 

1. Ordinance that requires erosion and sediment controls Implemented through the City of Portland's Implemented through the Port's 1200-CA Implemented through the City of Implemented through the Port's 1200-CA 

11. Require construction site operators to develop site plans erosion control ordinance; may also be Permit, the City of Portland's erosion Portland's erosion control ordinance; may Permit and related contract specifications 

and implement erosion and sediment control BMPs. covered under a 1200-C permit. control program and related contract also be covered under a 1200-C permit. 

... 
Require construction site operators to prevent/ control 

specifications. 
111. 

non-stormwater waste 

IV. Erosion control site plan review 

v. Perform on-site inspections 

VI. Maintain enforcement response procedures 
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MS4 Permit MS4 Service Areas Not Covered Under Industrial Stormwater Permits MS4 Service Areas With Industrial Stormwater Permits 

SWMP Requirements Tenants I Port Operations Tenants Port Operations 

Schedule A.4.d Education and Outreach 

1. Implement a documented public education and outreach BMP: Implement Public Education Measures to Protect Stormwater Quality. 
strategy 

11. Provide educational material to the community or BMP: Implement a Tenant Stormwater N/A BMP: Implement a Tenant Stormwater N/A 
conduct equivalent outreach activities BMP Program. BMP Program. 

BMP: Implement Public Education Measures to Protect Stormwater Quality. 

... 
Provide public education on pesticide, herbicide, BMP: Require Training and Licensing for Staff Conducting Pest Management Activities. 111. 

fertilizer, and other chemicals BMP: Implement a Tenant Stormwater BMP Program. 

IV. Provide public education on proper operation and BMP: Implement a Tenant Stormwater BMP Program. 
maintenance of privately-owned/ operated stormwater BMP: Implement a Program for the Tracking and Maintenance of Private Structural Controls 
quality facilities 

v. Provide notice to construction site operators regarding BMP: Provide Erosion Prevention and Sediment Control Training for Construction Inspectors 
training for erosion and sediment control 

VI. Conduct! participate in a public education effectiveness BMP: Participate in a Public Education Effectiveness Evaluation 
evaluation 

Vll. Include training for municipal employees involved in BMP: Implement a Spill Response Training Program. Covered under 1200-Z (7/1/2007) and COLS (9/1/2006) permits - Schedule A.3.c.iv 
MS4 activities. BMP: Implement a Municipal Staff Training Program for Stormwater Pollution 

Prevention 

BMP: Require Training and Licensing for Staff Conducting Pest Management 
Activities. 

viii. Promote, publicize, and facilitate public reporting of BMP: Implement the Illicit Discharge Detection and Elimination Program 
illicit discharges. 

Schedule A.4 .e Public Involvement and Participation 

e. Implement a public participation process for receiving BMP: Provide for Public Participation with SWMP and Benchmark Submittals 
and considering comments on the SWMP and TMDL 
benchmarks 

e. Implement a public participation approach that provides BMP: Implement a Public Participation Approach that Provides Opportunities for the Public to Effectively Participate in the Implementation of the Stormwater Management 
opportunities for the public to effectively participate in Program. 
the implementation of the co-permittee' s stormwater 
management program. 

Schedule A.4.fPost-Construction Site Runoff 

1. Implement a post-construction stormwater pollutant and BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
runoff control program. 

11. Identify, and where practicable, minimize or eliminate BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
ordinance, code and development standard barriers. 

... 
Develop or reference an enforceable post-construction BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 111. 

stormwater management manual 
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MS4 Permit MS4 Service Areas Not Covered Under Industrial Stormwater Permits MS4 Service Areas With Industrial Stormwater Permits 

SWMP Requirements Tenants I Port Operations Tenants Port Operations 

VI. Review, approve, and verify proper implementation of BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
post-construction site plans. 

v. Require off-site stormwater management for locations BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
limited in their ability for on -site stormwater capture and 
treatment or flow reduction. 

VI. Describe inspection and enforcement response BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
procedures to address compliance issues with post-
construction stormwater management performance 
standards. 

Schedule A.4 .g Pollution Prevention for Municipal Operations 

1. Operate and maintain public streets, roads, and highways The City of Portland is responsible for operation and maintenance of the public right-of-way. 

BMP: Implement a Street and Vehicle Maneuvering Area Cleaning and Maintenance Program. 

11. Implement a program to control the use and application BMP: Limit Landscape Maintenance Activities Impact on Stormwater. 
of pesticides BMP: Require Appropriate Training and Licensing for Pest Management Activities. 

BMP: Implement a Tenant Stormwater BMP Program. 
... 

Inventory, assess, and implement a strategy to reduce the No tenant properties currently BMP: Implement a Street and Vehicle Covered under 1200-Z (7/1/2007) and Covered under 1200-Z (7/1/2007) and 111. 

impact of stormwater runoff from municipal waste accommodate municipal facility waste. Maneuvering Area Cleaning and COLS (9/1/2006) permits! - Schedule COLS (9/1/2006) permits - Schedule 
facilities not already covered by a 1200 series permit. Maintenance Program. A.3.c.i (1200-Z) and Schedule A.3.c.i A.3.c.i (1200-Z) and Schedule A.3.c.i 

BMP: Implement a Stormwater System (1200-COLS) (1200-COLS) 
Cleaning and Maintenance Program 

(These BMPs include tasks to decant water 
from municipal wastes and discharge 
wastewaters to the sanitary system.) 

IV. Implement controls to limit infiltration of seepage from BMP: Implement a Program to limit infiltration from Port-owned sanitary sewer system to the MS4 
the municipal sanitary system. 

v. Implement a strategy to prevent or control the pollutant The only fire fighting training facility is located at PDX, which is covered by a 1200-COLS permit. 
discharge from fire fighting training activities 

VI. Retrofitting flood control facilities. The City of Portland manages water quality improvements on a master planning level. 

Schedule A.4 . h Structural Stormwater Controls Operations and Maintenance 

1. Implement a program to verify structural control BMP: Implement a Stormwater System Cleaning and Maintenance Program Covered under 1200-Z (7/1/2007) and Covered under 1200-Z (7/1/2007) and 
facilities and controls are inventoried, mapped, inspected, BMP: Implement a Program for Tracking and Maintenance of Private Structnral Controls COLS (9/1/2006) permits! - Schedule COLS (9/1/2006) permits - Schedule 
operated and maintained. A.3.c.iii (2-3) A.3.c.iii (2-3) 

11. Develop and implement a plan or approach to guide the BMP: Implement a Stormwater System Cleaning and Maintenance Program Covered under 1200-Z (7/1/2007) and Covered under 1200-Z (7/1/2007) and 
long-term maintenance and management of all BMP: Implement a Tenant Stormwater BMP Program. COLS (9/1/2006) permits! - Schedule COLS (9/1/2006) permits - Schedule 
publically-owned and privately owned stormwater A.3.c.iii (2-3) A.3.c.iii (2-3) 
facilities. 
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MS4 Permit MS4 Service Areas Not Covered Under Industrial Stormwater Permits MS4 Service Areas With Industrial Stormwater Permits 
SWMP Requirements Tenants I Port Operations Tenants I Port Operations 

Schedule A.6.c Stormwater Retrofit Project 

ii. Identify one stormwater quality improvement project, at BMP: Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
a minimum, to be initiated constructed and/or implemented 

during the permit term. 

Schedule B I-B4 Monitoring Component Requirements 

The Port must assist with monitoring efforts in conjunction Pursuant to an IGA, the Port of Portland and the City of Portland have a joint monitoring program conducted by the City to meet the requirements specified under Schedule B. 
with requirements as stated in Table B-1, Schedule B(l )(b) 
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BENCHMARKS FOR TMDL WASTE LOAD ALLOCA nONS 

For receiving waters with an approved total maximum daily load (TMDL), the Port is required to 
establish new pollutant load reduction benchmarks and evaluate progress towards achieving 
previously developed benchmarks. Per the Port's 2005 MS4 NPDES permit, benchmarks are 
defined as a "total pollutant load reduction estimate for each parameter or surrogate, where 
applicable, for which a [Waste Load Allocation} WLA is established at the time of permit 
issuance. A benchmark is used to measure the overall effectiveness of the storm water 
management plan in making progress toward the waste load allocation ... " 

The Port developed benchmarks for addressing the Columbia Slough TMDL WLAs as a 
requirement of the MS4 Permit Interim Evaluation Report submittal in 2006. At the time of the 
submittal, the Columbia Slough was the only watershed with an established TMDL applicable to 
Port property. Modeled parameters reflected those parameters with established WLAs: 
dissolved lead, total suspended solids (TSS; as a surrogate for organic compounds), biological 
oxygen demand (BOD), total phosphorus, and bacteria (E. coli). As part of the permit renewal 
application in 2008, benchmarks were again calculated for the Columbia Slough (Table 4-1). 
The purpose of the recalculation was to compare the previously predicted loads for 2009 
conditions (provided in the 2006 Interim Evaluation Report) with current estimates of 2008 
pollutant loads, given current land use and BMP coverage. DEQ issued TMDLs for the 
Willamette River in 2006. Therefore, the Port also developed benchmarks for the associated 
TMDL water quality parameter, E. coli. 

Calculation of benchmarks involves the analysis of current land uses and areas where runoff is 
treated by stormwater quality best management practices (i.e., BMP treatment areas). This 
analysis is conducted in order to estimate current pollutant loadings for each water quality 
parameter and each watershed. Projected future land use and BMP treatment areas were used to 
predict future pollutant loadings for each parameter. Benchmarks are defined as the predicted 
pollutant load reduction in 2013 (future condition). 

Table 4-1 summarizes the benchmarks established for the Port including the original Columbia 
Slough benchmarks calculated in 2006, representative of conditions in 2009; the new Columbia 
Slough benchmarks calculated in 2008, representative of conditions in 2013; and the new 
Willamette River benchmarks calculated in 2008, representative of conditions in 2013. These 
pollutant load reduction estimates represent the projected range in total loading from the Port's 
MS4 permit area following implementation of structural BMPs as described in the SWMP. 
Assumptions made to estimate pollutant loadings and pollutant load reductions were generally 
conservative (i.e., greater pollutant load reductions are likely to be achieved). Additional detail 
related to the modeling methods and the benchmarks are included in Section 6 of the Port's MS4 
permit renewal application submittal (dated September 2,2008). 
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TABLE 4-1. Summary of the Port of Portland Benchmarks 

Previously Predicted Currently Predicted 
TMDL Parameter or Benchmarks Benchmarks 

Surrogate (calculated in 2006 (calculated in 2008 and 
representing 2009 conditions) representing 2013 conditions) 

Columbia Slough 

Total Phosphorus 143-266Ibs./year 391-766Ibs./year 

Biochemical Oxygen Demand 2,222-4,854 lbs./year 33,931-80,836Ibs./year 

E. Coli 
3.1 x lOll - 1.7 X 1012 2.6 X lOll - 2.8 X 1012 

col oni es/year col oni es/year 

Total Suspended Solids 27,556 - 77,759 lbs./year 137,000 - 401,041Ibs./year 

Dissolved Lead 0.6 - 2.0 lbs./year 1.7 - 5.1Ibs./year 

Lower Willamette River 

E. Coli N/A 
6.0x 1010

-

5.7 xl 011 col oni es/year 

SWMP REVISIONS 

Adaptive management is the process for assessing new opportunities for improving program 
effectiveness in controlling stormwater pollution to the maximum extent practicable. The Port's 
SWMP has undergone and will continue to undergo periodic revisions in order to ensure 
continued reduction of pollutants to the maximum extent practicable. SWMP modifications will 
be made in accordance with an adaptive management process that is consistent with 
requirements in the permit. 

REPORTING REQUIREMENTS 

The status of implementing the components of the SWMP must be submitted to DEQ in an 
annual report due November 1 for the period July 1 through June 30. The annual report must 
include proposed changes to the SWMP developed as a result of adaptive management. 

STORMW ATER MANAGEMENT PLAN BMPS 

The SWMP is organized into the eight major stormwater program elements listed below. The 
eight major elements correspond to those outlined in the MS4 NPDES permit (i.e., 
Schedule A(4)(a-h). 

Element #1: 
Element #2: 
Element #3: 
Element #4: 

Illicit Discharge Detection and Elimination 
Industrial and Commercial Facilities 
Construction Site Runoff Control 
Education and Outreach 
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Element #5: 
Element #6: 
Element #7: 

Public Involvement and Participation 
Post-construction Site Runoff 
Pollution Prevention for Municipal Operations 

Element #8: Structural Stormwater Facilities and Controls Operations and 
Maintenance 

7.1 Element #1 - Illicit Discharge Detection and Elimination 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #1 are outlined under Schedule A.4.a. The Port 
BMPs or other activities that are conducted to meet these permit requirements are listed below as 
well. 

Table 7-1 provides a detailed description of each BMP, including responsibility, implementation 
tasks, and documentation. 

i. Prohibit, through ordinance or other regulatory mechanism, illicit discharges into the permittee's MS4. 

BMP(s) to Address: 

• Implement the Illicit Discharge Detection and Elimination Program 

ii. Describe in an enforcement response plan or similar document (by November 1, 2011) the enforcement 
response procedures the permittee will implement when an illicit discharge investigation identifies a 
responsible party. 

BMP(s) to Address: 

• Implement the Illicit Discharge Detection and Elimination Program 

iii. Develop or identifY dry-weather field screening pollutant parameter action levels that will be used as part of 
the field analysis to identifY the source of an illicit discharge or other type of discharge ... . by November 1, 
2011. 

BMP(s) to Address: 

• Conduct Dry-Weather Field Screening 

iv. Conduct annual dry-weather inspection activities during the term of the permit. The dry-weather inspection 
activities must include annual field screening of all priority locations identified and documented by the co
permittee .... The dry-weather field screening activities must be documented and include: 

1. General observation. 

2. Field Screening. 

3. Laboratory Analysis. 

BMP(s) to Address: 

• Conduct Dry-Weather Field Screening 
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v. IdentifY response procedures to investigate of portions of the MS4 that, based on the results of general 
observations, field screening, laboratory analysis or other relevant information, indicates the presence of 
illicit discharges .. 

BMP(s) to Address: 

• Conduct Dry Weather Field Screening 

vi. Maintain a system for documenting illicit discharge complaints or referrals, and suspected illicit discharge 
investigation activities. 

BMP(s) to Address: 

• Implement the Illicit Discharges Detection and Elimination Program 

vii. Take appropriate action to remove illicit discharges from the MS4 within 5 working days of detection. Ifit has 
been determined that removal of the illicit discharge will take more than 15 working days due to technical or 
other reasonable issues, the co-permittee must develop and implement an action plan to eliminate the illicit 
discharge in an expeditious manner. The action plan must be completed within 20 working days of 
determining the source of an illicit discharge ..... The action plan must include a timeframe for elimination of 
the illicit discharge as soon as practicable. 

BMP(s) to Address: 

• Implement the Illicit Discharges Detection and Elimination Program 

viii. Describe and implement spill preventative measures, and upon notification, respond to, contain and mitigate 
spills that may discharge into the MS4 .... 

BMP(s) to Address: 

• Implement a Spill Response Program for Port Operated Property 

ix. In the case of a known illicit discharge that originates within the City's permitted area and that discharges 
directly to a storm sewer system or property under the jurisdiction of another municipality, the City must 
notifY the affected municipality as soon as practicable, but no longer than one working day. 

BMP(s) to Address: 

• Implement the Illicit Discharges Detection and Elimination Program 

x. In the case of a known illicit discharge that is identified within the City's permitted area, but is determined to 
originate from a contributing storm sewer system or property under the jurisdiction of another municipality, 
the City must notifY the contributing municipality or municipality with jurisdiction as soon as practicable, but 
no longer than one working day. 

BMP(s) to Address: 

• Implement the Illicit Discharges Detection and Elimination Program 

xi. Maintain maps identifYing major MS4 outfalls discharging to waters of the State. The dry-weather screening 
locations must be uniquely identified. 

BMP(s) to Address: 

• Conduct Dry Weather Field Screening 
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xii. Unless identified as a significant source of pollutants to waters of the State by a co-permittee or the 
Department, the following non-stormwater discharges are not considered illicit discharges: water line 
flushing; landscape irrigation; diverted stream flows; rising ground waters; uncontaminated groundwater 
infiltration; uncontaminated pumped ground water; discharges from potable water sources; start up flushing 
of groundwater wells; aquifer storage and recovery (ASR) wells; potable groundwater monitoring wells; 
draining and flushing of municipal potable water storage reservoirs; foundation drains; air conditioning 
condensate; irrigation water; springs; water from crawl space pumps; footing drains; lawn watering; 
individual residential car washing; flows from riparian habitats and wetlands; dechlorinated swimming pool 
discharges; street wash waters; discharges of treated water from investigation, removal and remedial actions 
selected or approved by the Department pursuant to Oregon Revised Statute (ORS) Chapter 465, the state's 
environmental cleanup law; and discharges or flows from emergency fire fighting activities where discharges 
or flows from fire fighting activities are identified as not a significant source of pollutants to waters of the 
state. If a non-stormwater discharge is identified as a significant source of pollutants, the co-permittees must 
develop and require implementation of appropriate BMPs to reduce the discharge of pollutants associated 
with the source. 

BMP(s) to Address: 

• Implement a Water Line Flushing Procedure 
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Table 7-1. Illicit Discharge Detection and Elimination BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals 
Tracking 

Requirement Measures 

Implement the Schedule A.4.a.i BMP Responsibility: Aviation Environmental, Marine Environmental, MID • Update the illicit • Track the status 

Illicit Properties Maintenance, Marine Facilities Maintenance (MFM), PDX discharge detection of updating the 

Discharge 
Schedule A.4.a.ii 

Maintenance, Environmental Affairs and elimination illicit discharge 

Detection and Schedule A.4.a.vii procedures by detection and 

Elimination 
BMP Description: Through Ordinance 361, the Port of Portland has the November 1,2011. elimination 

Program 
Schedule A.4.a.ix authority to eliminate illicit discharges throughout its property including those procedures. 

Schedule A.4.a.x associated with tenants on Port property. 
• Track the 

Schedule A.4.d.viii PDX Environmental and Marine Environmental staff implement documented number, type, 
illicit discharge detection and elimination procedures. By November 1,2012, location and 
the Port of Portland will update these procedures to include provisions resolution of any 
consistent with the MS4 NPDES permit language related to enforcement and illicit discharge 
follow-up procedures. investigations 

The Port of Portland encourages public reporting of potential illicit discharges conducted 

by maintaining spill notification signs throughout Port property. 

BMP Implementation Task: 

1) Continue to implement documented illicit discharge detection and 
elimination procedures. 

2) Update the illicit discharge detection and elimination procedures by 
November 1,2011 per provisions consistent with the MS4 NPDES permit 
language. (Responsibility: Environmental Affairs) 

3) Implement a reporting program for potential illicit discharges by 
maintaining spill notification signs throughout Port property 
(Responsibility: MID Properties Maintenance, Marine Facilities 
Maintenance (MFM), and PDX Maintenance). 
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Table 7-1. Illicit Discharge Detection and Elimination BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals 
Tracking 

Requirement Measures 

Conduct Dry- Schedule A.4.a.iii BMP Responsibility: Aviation Environmental, Marine Environmental, • Update dry-weather • Track the 

Weather Field Environmental Affairs field screening number and 

Screening 
Schedule A.4.a.iv procedures in location of 

BMP Description: The Port of Portland conducts annual field screening accordance with priority outfalls Schedule A.4.a.v activities during dry-weather conditions (between July and September) at all permit requirements inspected during 
Schedule A.4.a.vi Port-owned priority outfall locations . Activities are conducted according to by July 1,2012. dry-weather 

Schedule A.4.a.xi 
documented procedures. field screening 

• Inspect priority 
Ifnecessary, in accordance with dry-weather field screening activities, the Port outfalls annually. 

activities. 
updates their GIS files annually related to existing outfall and priority outfall 

• Summarize dry-
locations. weather field 
Procedures for conducting annual, dry-weather field screening activities will be screemng 
updated by July 1, 2012 in accordance with provisions of the MS4 NPDES inspection 
permit. As part of the update, pollutant parameter action levels will be results and 
developed to assist in the identification of non-permissible or illicit discharges. indicate outfalls 

. . 

BMP Implementation Task: 
requmng 
sampling or 

1) Conduct annual dry-weather field screening activities at all priority outfall follow-up 
locations. activities. 

2) Annually, as necessary, update Port data files related to outfall locations in • Indicate the 
accordance with dry-weather field screening activities. outcome and 

3) Update the dry-weather field screening procedures by June 30, 2012 to be in resolution of 

accordance with MS4 permit requirements. (Responsibility: Environmental inspection 

Affairs) activities 
conducted. 
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Table 7-1. Illicit Discharge Detection and Elimination BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals 
Tracking 

Requirement Measures 

Implement a Schedule A.4.a.viii BMP Responsibility: Marine Environmental • Implement the • Track the 

Spill Response Port's Spill number of 

Program for 
BMP Description: Spill prevention and response procedures for areas with an response spills ofa 

Port Operated 
individual industrial stormwater permit are included in the facility's Stormwater procedures. reportable 
Pollution Control Plans, required as part of the NPDES 1200-Z or COLS quantity in Property 
permits. As a result, spill response activities for these areas are not reported which a spill 
under the MS4 permit. response was 

The Port also implements an independent Spill Response Program for all Port conducted. 

properties in accordance with provisions outlined in the Port's Spill Response 
Procedures. In the event of a spill at industrial park properties and marine 
terminals, procedures require the spill to be reported to the 24- hour Marine 
Security Office. Security notifies Marine Environmental's on-call staff who in 
tum dispatch an on-call emergency response contractor to cleanup and contain 
the spill. Port staff completes the necessary reporting requirements including 
notification of Oregon Emergency Response when appropriate. 

BMP Implementation Tasks: 

1) Implement the Port's spill response procedure and update as necessary 
(Responsibility: Marine Environmental). 

2) Participate in the City's Spill Response Committee 
(Responsibility: Marine Environmental). 

3) Ensure trained Port staff members are available for on-call spill response, 
in addition to ensuring current contracts with on-call spill response 
contractors (Responsibility: Marine Environmental). 
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Table 7-1. Illicit Discharge Detection and Elimination BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals 
Tracking 

Requirement Measures 

Implement a Schedule A 4.a.xii BMP Responsibility: Aviation Environmental, PDX Fire Department, Marine • Implement N/A 
Water Line Environmental, Marine Facilities Maintenance (MFM) waterline flushing 

Flushing Note: Of the listed allowable non-stormwater discharges provided in consistent with 
Procedure Schedule A.4.axii of the permit, the Port has identified water line guidelines 

flushing as a Port activity requiring a best management practice. described in this 
BMP description. 

BMP Description: The Port conducts periodic hydrant and water line flushing 
at the marine terminals and PDX to ensure the quality of the water system. 

Depending on the size of the discharge and the capacity of the receiving stream, 
discharges from water line flushing could potentially have an impact on streams 
with respect to concentrations of chlorine. Chlorinated water may be discharged 
to a storm sewer if the travel time and lor dilution in the storm sewer system is a 
distance of 1,000 feet or more. When the travel time/dilution in the MS4 is 
insufficient, chlorinated water will be de-chlorinated when discharging to a 
stream that has a flow rate of 50 cfs or less. 

BMP Implementation Task: 

1) Implement a water line flushing procedures as described above to ensure 
appropriate disposal of chlorinated water. 
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7.2. Element #2 - Industrial and Commercial Facilities 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #2 are outlined under Schedule A.4.b. The Port 
BMPs or other activities that are conducted to meet these permit requirements are listed below as 
well. 

Table 7-2 provides a detailed description of each BMP, including responsibility, implementation 
tasks, and documentation. 

i. Screen existing and new industrial facilities to assess whether they have the potential to be subject to an 
industrial stormwater NPDES permit or have the potential to contribute a significant pollutant load to the 
MS4. 

BMP(s) to Address: 

• Screen Existing and New Industrial Facilities 

ii. Within 30 days after the facility is identified, notifY the industrial facility and the Department that an industrial 
facility is potentially subject to an industrial stormwater NPDES permit. 

BMP(s) to Address: 

• Screen Existing and New Industrial Facilities 

iii. Implement a program that establishes the priorities and procedures for inspection of and implementation of 
stormwater control measures for discharges from industrial or commercial areas that have been identified as 
sources that contribute a significant pollutant load to the MS4. 

BMP(s) to Address: 

• Implement an Inspection Program for Significant Pollutant Source Areas 
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Table 7-2. Industrial and Commercial Facility BMPs 

BMP 
Permit 

BMP Implementation 
Measurable Tracking 

Requirement Goals Measures 

Screen Schedule A.4.b.i BMP Responsibility: Environmental Affairs • Coordinate • Track 
Existing and 

Schedule A.4.b.ii BMP Description: Significant areas within the Port of Portland are already covered by an with the City leaseholds 
New existing 1200 series NPDES industrial stormwater permit. Such areas include PDX, select of Portland on that have an 

Industrial Port-operated marine terminals, and select tenant properties. Screening of existing and a process for industrial 
Facilities new industrial facilities would primarily apply to existing and new tenants occupying screemng permit. 

property not otherwise subject to an industrial stormwater permit. industrial 
facilities over 

The Port of Portland will coordinate with the City of Portland in order to identify facilities the permit 
potentially subject to an industrial stormwater permit and notify the facility and DEQ of term. 
such finding. Such process for coordination will be established over the permit term. 

BMP Implementation Tasks: 

1) Coordinate with the City of Portland over the permit term to develop a process to screen 
industrial facilities (Responsibility: Environmental Affairs). 

Implement an Schedule A.4.b.iii BMP Responsibility: Marine Environmental, Aviation Environmental. • Conduct • Track the 
Inspection BMP Description: Port of Portland property includes a variety of industrial facilities both annual number of 

Program for with and without industrial stormwater permits. inspections at facilities 
Significant priority inspected 
Pollutant The Port has a list that will be updated annually of facilities that have the potential to facilities. annually. 

Source Areas contribute substantial pollutant loading to the MS4 (i.e., priority facilities). Priority 
• Document the • Track facilities are inspected annually based on an evaluation of several criteria outlined in the 

Port's documented procedures. procedure and improvements 
rationale for made to 

The City of Portland conducts inspections at facilities with l200-Z NPDES permits. selection of priority 

BMP Implementation Tasks: "priority facilities as a 

1) Conduct inspections of priority facilities annually, or more frequently if needed 
facilities", by result of 
November 1, inspections. 

(Responsibility: Marine Environmental, Aviation Environmental). 
2011. 

2) If inspections identify conditions needing improvements, coordinate with tenant and 
Port property manager to ensure appropriate control measures to minimize pollutant 
loading from priority facilities (Responsibility: Aviation Environmental, Marine 
Environmental) . 
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7.3. Element #3 - Construction Site Runoff Control 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #3 are outlined under Schedule A.4.c. 

i. Include ordinances or other enforceable regulatory mechanism that requires erosion and sediment controls 
designed, implemented, and maintained to prevent adverse impacts to water quality and minimize the transport 
of contaminants to waters of the State. 

ii. Require construction site operators to develop site plans and implement and maintain effective erosion and 
sediment control best management practices. 

iii. Require construction site operators to prevent or control non-stormwater waste that may cause adverse impacts 
to water quality such as discarded building materials, concrete truck washout, chemicals, litter, and sanitary 
waste. 

iv. Describe site plan review procedures to ensure stormwater BMPs are appropriate and address the construction 
activities being proposed. At a minimum, construction site erosion and sediment control plans for sites 
disturbing one acre or greater must be developed in accordance with the State of Oregon 's 1200-C permit 
requirements. 

v. Perform on-site inspections in accordance with documented procedures and criteria to ensure the approved 
erosion and sediment control plan is properly implemented ... . Inspections must be documented, including 
photographs and monitoring results as appropriate. 

vi. Describe in an enforcement response plan or similar document the enforcement response procedures the 
permittee will implement. The enforcement response procedures must use all means necessary to ensure 
construction activities are in compliance with the ordinances or other regulatory mechanisms. 

The Port complies with its NPDES 1200-CA Permit, NPDES 1200-C permits as required by 
DEQ, and the City of Portland's erosion control ordinance which address these requirements. In 
addition, these requirements are incorporated into contracts to the extent construction site 
operators are performing work for the Port. Therefore, control of construction site runoff is 
addressed independently from this SWMP and BMPs as outlined in Table 3-1. 
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7.4 Element #4 - Education and Outreach 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #4 are outlined under Schedule A.4.d. The Port 
BMPs or other activities that are conducted to meet these permit requirements are listed below as 
well. 

Table 7-4 provides a detailed description of each BMP, including responsibility, implementation 
tasks, and documentation. 

i. Continue to implement a documented public education and outreach strategy that promotes pollutant source 
control and a reduction of pollutants in stormwater discharges ... . The public education and outreach strategy 
may incorporate cooperative efforts with other MS4 regulated permittees or efforts by other groups or 
organizations provided a mechanism is developed and implemented to track the public education and outreach 
efforts within the MS4 regulated area and the results of such efforts are reported annually. 

BMP(s) to Address: 

• Implement Public Education Measures to Protect Stormwater Quality 

ii. Provide educational materials to the community or conduct equivalent outreach activities describing the 
impacts of stormwater discharges on water bodies and the steps or actions the public can take to reduce 
pollutants in stormwater runofJ. 

BMP(s) to Address: 

• Implement Public Education Measures to Protect Stormwater Quality 
• Implement a Tenant BMP Program 

iii. Provide public education on the proper use and disposal of pesticides, herbicides, fertilizers and other 
household chemicals. 

BMP(s) to Address: 

• Require Training and Licensing for Staff Conducting Pest Management Activities 
• Implement a Tenant BMP Program 

iv. Provide public education on the proper operation and maintenance of privately-owned or operated 
stormwater quality management facilities. 

BMP(s) to Address: 

• Implement a Program for Tracking and Maintenance of Private Structural Controls 
(see Table 7-8) 

• Implement a Tenant BMP Program 
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v. Provide notice to construction site operators concerning where education and training to meet erosion and 
sediment control requirements can be obtained. 

BMP(s) to Address: 

• Provide Erosion Prevention and Sediment Control Training for Construction Inspectors. 

vi. Conduct or participate in an effectiveness evaluation to measure the success of public education activities 
during the term of this permit. The effectiveness evaluation must focus on assessing changes in targeted 
behaviors. The results of the effectiveness evaluation must be used in the adaptive management of the 
education and outreach program. 

BMP(s) to Address: 

• Participate in a Public Education Effectiveness Evaluation 

vii. Include training for municipal employees involved in MS4-related activities, as appropriate. The training 
should include stormwater pollution prevention and reduction from municipal operations, including, but not 
limited to, parks and open space maintenance, fleet and building maintenance, new municipal facility 
construction and related land disturbances, design and construction of street and storm drain systems, 
discharges from non-emergency fire fighting-related training activities, and stormwater system maintenance. 

BMP(s) to Address: 

• Require Training and Licensing for Staff Conducting Pest Management Activities 

• Implement a Spill Response Training Program 

• Implement a Staff Training Program for Stormwater Pollution Prevention 

viii. Promote, publicize andfacilitate public reporting of illicit discharges through the use of newspapers, 
newsletters, utility bills, door hangars, radio public service announcements, videos, televised council meetings, 
brochures, signs, posters or other effective methods. 

BMP(s) to Address: 

• Implement an Illicit Discharge Detection and Elimination Program (see Table 7-1) 
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Table 7-4. Education and Outreach BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Implement Schedule A.4.d.i BMP Responsibility: Environmental Affairs, Marine Environmental, • "Dump No • Track the number 

Public MID Properties Maintenance, MFM, PDX Maintenance, Aviation Waste, Drains to of "Dump No 

Education 
Schedule A.4.d.ii 

Environmental Stream" decals Waste, Drains to 

Measures to will be applied to Stream" decals 

Protect 
BMP Description: The Port implements a public education strategy and catch basins applied to catch 

Stormwater 
conducts a variety of outreach activities to educate the public and associated with all basins. 

Quality 
employees on the protection of stormwater quality. Such educational new Port 

• Track events measures include installation of catch basin decals and signage to construction 
prevent/report illicit discharges. annually (with the where stormwater 

educational 
Some of the City of Portland's outreach activities are also applicable and exception of FAA 

materials were 
target Port audiences. restricted areas). 

made available . 

BMP Implementation Tasks: • Provide 
stormwater 

1) During inspections conducted under BMP - "Implement Inspections education 
of Significant Pollutant Source Areas", and BMP - "Implement a materials at 
Stormwater System Cleaning and Maintenance Program", identify outreach events. 
catchbasins where it would be relevant and appropriate to apply 
"Dump No Waste, Drains to Stream" decals and apply decals 
(Responsibility: Aviation Environmental, Marine Environmental, 
MID Properties Maintenance, MFM, PDX Maintenance). 

2) Include stormwater education materials at Port sponsored outreach 
events. (Responsibility: Environmental Affairs) 
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Table 7-4. Education and Outreach BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Implement a Schedule A.4.d.ii BMP Responsibility: Aviation Environmental, Marine Environmental, • Compile/ update a • Verify the 

Tenant Environmental Affairs, Aviation and Marine and Industrial Development leasehold completion and! or 

Stormwater 
Schedule A.4.d.iii 

(MID) Properties Management BMP Description: Outreach efforts inventory update ofa 

BMP Program Schedule A.4.d.iv directed to tenants in MID and PDX can assist in the reduction of annually. leasehold 

pollutant discharges from municipal separate storm sewers. • Provide technical 
inventory. 

Schedule A.4.g.ii 
Port staff will provide a variety of technical assistance to tenants on information • Track technical 

Schedule A.4.h.ii 
storm water issues and BMPs as needed. Such documentation may include related to assistance 

educational information on pesticide, herbicide, and fertilizer management structural and documentation 

and information related to appropriate spill response procedures. non -structural/ provided to 
source control tenants. 

BMP Implementation Tasks: BMPs to tenants 
• Describe property 

1) Maintain an inventory of all tenants or lease holders (Responsibility: over the permit 
management 

Environmental Affairs, Aviation and MID Properties Management). term. 
activities for lease 

2) Provide technical assistance to the tenants regarding structural and termination 

non-structural/ source control stormwater BMPs (Responsibility: inspections. 

Marine Environmental, MID and Aviation Properties Management, 
Aviation Environmental). 

3) Maintain an active property management role by conducting 
inspections of property vacated by tenants to ensure proper disposal 
of waste materials (Responsibility: Marine Environmental, Aviation 
Environmental, Aviation and MID Properties Management). 

Require Schedule A.4.d.iii BMP Responsibility: MID Properties Maintenance, PDX Maintenance, • All pesticide • Track the Port 

Training and Marine Facilities Maintenance (MFM) applicators will be employees who are 

Licensing for 
Schedule A.4.d.vii licensed by the ODA-licensed 

Staff Schedule A.4.g.ii 
BMP Description: The Port ensures that all employees (contractors and ODA. pesticide 

Conducting 
Port employees) performing pesticide application are trained and licensed applicators. 

Pest 
by the Oregon Department of Agriculture (ODA). 

Management BMP Implementation Tasks: 
Activities 1) Require all pesticide applicators to obtain and maintain licenses 

issued by the Oregon Department of Agriculture. 
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Table 7-4. Education and Outreach BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Provide Schedule A.4.d.v BMP Responsibility: Aviation Environmental • Erosion • Track the number 

Erosion prevention and of employees 
BMP Description: The Port holds a NPDES 1200-CA Permit for sediment control 

.. 
Prevention and receIvmg erosIOn 

Sediment 
construction activities on Port properties. Construction activities require training will be and sediment 

Control 
specific erosion prevention and sediment control measures to meet the conducted control training. 

Training for 
requirements of the 1200-CA Permit. The 1200-CA Permit requirements annually for Port 
are detailed in Port construction specifications and provided to construction Construction construction site operators as necessary. inspectors. Inspectors 
Aviation Environmental provides Port construction inspectors with annual 
erosion prevention and sediment control training which focuses on 
construction stormwater BMPs. 

BMP Implementation Tasks: 

1) Provide annual erosion prevention and sediment control training for 
all Port construction inspectors. 

Participate in a Schedule A.4.d.vi BMP Responsibility: Environmental Affairs • Coordinate with • Track related 

Public other local, Phase efforts annually. 

Education 
BMP Description: By 11/1/2014, the Port of Portland will coordinate I jurisdictions 

Effectiveness 
with other local, Phase I jurisdictions to provide information related to an regarding a public 

Evaluation 
effectiveness evaluation. The effectiveness evaluation information will education 
focus on assessing changes in targeted behaviors and will allow for effectiveness 
additional information that can be used in adaptive management of the evaluation by 
Port's education and outreach strategy. 11/1/2014. 

BMP Implementation Tasks: 

1) Coordinate with other, local Phase I jurisdictions in providingl 
compiling information regarding a public education effectiveness 
evaluation by 11/1/2014. 
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Table 7-4. Education and Outreach BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Implement a Schedule A.4.d.vii BMP Responsibility: Marine Environmental • Annually train • Document spill 

Spill Response designated Port response training 

Training 
BMP Description: Facilities on Port property with industrial stormwater employees on activities. 

Program 
permits are required to conduct spill training as part of their Stormwater spill response. 
Pollution Control Plans (SWPCP). In addition, the Navigation Facility 
implements a Spill Prevention, Control and Countermeasures (SPCC) • Document the 

Plan. This plan also includes spill training requirements for designated procedure to 

staff. determine which 
employees will 

Marine Environmental conducts annual spill prevention and response receive spill 
training for designated employees. training, by 

BMP Implementation Tasks: November 1, 
2011. 

1) Distribute updated emergency contact information and spill response 
procedures to employees responsible for responding to spills. 

2) Conduct general spill response training annually for designated 
employees. 
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Table 7-4. Education and Outreach BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Implement a Schedule A.4.d.vii BMP Responsibility: Environmental Affairs, MID Environmental, • Participate in • Document all staff 

Staff Training Aviation Environmental water quality training activities. 

Program for organizations and 
• Document BMP Description: The Port of Portland collectively conducts a variety stakeholder Stormwater 

of training related to stormwater pollution prevention, depending on the groups annually. 
attendance at 

Pollution conferences. 
Prevention 

department. For those areas operating under a 1200-series industrial 
• Conduct annual stormwater permit, staff training on stormwater pollutant prevention is 

required during the term of the permit. All new employees receive training. 

storm water related training during orientation. • Conduct new 

Additionally, Port staff attend a variety of educational presentations and employee 

conferences throughout the year. The Port participates with state and training. 

local agencies and groups involved with a broad range of water quality 
issues including stormwater. Examples of organizations and groups the 
Port is involved with include the Clean River Cooperative, Harbor Safety 
Committee, Columbia Slough Watershed Council, Association of Clean 
Water Agencies, Bi-State task Force, and DEQ technical advisory 
committees. Such meetings and conference attendance allows for 
additional educational opportunities for staff. 

BMP Implementation Tasks: 
1) Continue to conduct training for new employees during their 

orientation. (Responsible Party: Environmental Affairs) 

2) Provide targeted annual stormwater pollution prevention training for 
specific staff that conducts activities relevant to stormwater. 
(Responsible Party: MID Environmental, Aviation Environmental) 

3) Port staff to attend conferences and educational presentations. 
(Responsible Parties: MID Environmental, Aviation Environmental, 
Environmental Affairs) 
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7.5 Element #5 - Public Involvement and Participation 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, the language for the listed permit requirements has been condensed. Applicable 
MS4 NPDES permit provisions related to Element #5 are outlined under Schedule A.4.e. The 
Port BMPs or other activities that are conducted to meet these permit requirements are listed 
below as well. 

Table 7-5 provides a detailed description of each BMP, including responsibility, implementation 
tasks, and documentation. 

Co-permittees must implement a public participation approach that provides opportunities for the public to 
effectively participate in the development, implementation and modification of the co-permittee 's stormwater 
management program. The approach must include provisions for receiving and considering public comments 
on the monitoring plan due to the Department June 1, 2011, annual reports, SWMP revisions, and the TMDL 
pollutant load reduction benchmark development. 

BMP(s) to Address: 

• Provide for Public Participation with SWMP and Benchmark Submittals 

• Implement a public participation approach that provides opportunities for the public to effectively 
participate in the implementation of the stormwater management program. 
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Table 7-5. Public Involvement and Participation BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Provide for Schedule A.4.e. BMP Responsibility: Environmental Affairs • Provide for public • Report annually on 

Public participation on the public 

Participation in 
BMP Description: Schedule A.4.e of the Port's MS4 NPDES permit SWMP revisions participation in 

SWMP Updates 
requires the Port to provide opportunity for public participation in the and pollutant load these areas. 
development, implementation, and modification of the Port's reduction and Benchmark Stormwater Management Plan (SWMP) and pollutant load reduction benchmarks. Submittals benchmark development. 

• Provide public 
SWMP revisions and pollutant load reduction benchmarks are required access to the Port's 
for submittal to DEQ at the permit renewal (I80-days prior to permit most current MS4 
expiration). Prior to submittal of these items, the Port will provide the Annual Report via 
public with an opportunity to comment on the revisions to the SWMP its public website. 
and proposed pollutant load reduction benchmarks for a minimum of 30 
days. Comments on these documents will be collected and considered, 
and response to the comments will be publically provided. 

BMP Implementation Tasks: 

1) Provide opportunities for public comment on the SWMP and 
pollutant load reductions benchmarks for a minimum of 30 days 
prior to submittal of the permit renewal to DEQ. 

Page 29 

NWMAR 118680 



Table 7-5. Public Involvement and Participation BMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Implement a Schedule A.4.e BMP Responsibility: PDX Environmental, MID Environmental, • Document what • Describe any 
public Environmental/Community Affairs projects are projects 

participation BMP Description: PDX Environmental, MID Environmental, and identified as public implemented where 
approach that 

Environmental Affairs will work together to identify appropriate involvement the public has 
provides 

opportunities for the public to be involved in the implementation of opportunities. opportunity to 
opportunities 

the Port's MS4 program and implement these projects over the participate and the 
for the public to 

permit term. extent of public 
effectively involvement for 

participate in each. 
the BMP Implementation Tasks: 

im plementation 
of the 1) Determine what projects are appropriate for public involvement. 

stormwater (PDX Environmental, MID Environmental, 
management Environmental/Community Affairs) 

program. 2) Make the public aware of the selected involvement opportunities 
via the Port's website, and the Columbia Slough Watershed 
Council. (Environmental/Community Affairs) 

3) Implement selected projects and document public involvement. 
(PDX Environmental, MID Environmental, 
Environmental/Community Affairs) 
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7.6 Element #6 - Post-Construction Site Runoff Control 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #6 are outlined under Schedule A.4.f. 

f. Post-Construction Site Runoff: Co-permittees must continue to implement their post-construction 
stormwater pollutant and runoff control program. 

i. By January 1, 2014, the post-construction stormwater pollutant and runoff control program applicable 
to new development and redevelopment projects that create or replace 500 jf of impervious surjace must 
meet the following conditions: 

1) Incorporate site-specific management practices that target natural surface or predevelopment 
hydrologic functions where practicable. The site-specific management practices should optimize 
on-site retention based on the site conditions; 

2) Reduce site specific post-development stormwater runoff volume and rates of discharges to the 
municipal separate storm sewer system (MS4) to minimize hydrological and water quality impacts 
from impervious surfaces; 

3) Prioritize and include implementation of Low-Impact Development (LID), Green Infrastructure (GI) 
or equivalent design and construction approaches; and, 

4) Capture and treat 80% of the annual average runoffvolume, based on a documented local or 
regional rainfall frequency and intensity. 

ii. Co-permittees must identifY, and where practicable, minimize or eliminate code and development 
standard barriers that inhibit design and implementation techniques intended to minimize impervious 
surfaces and reduce stormwater runoff (e.g., Low Impact Development, Green Infrastructure), and 
have been identified by and are within the jurisdiction of the permittee. If the minimization or 
elimination of a code and development standard barrier conflicts with public and environmental health 
and safety standards, the co-permittee may modifY the code and development standard accordingly to 
address such conflicts. Co-permittees must review code and development standards for minimization 
or elimination, and appropriately modifY within three years of identification of the code or 
development standard as a barrier. 

iii. To reduce pollutants and mitigate the volume, duration, time of concentration and rate of stormwater 
runoff, the co-permittees must develop or reference an enforceable post-construction stormwater 
quality management manual or equivalent document by January 1, 2014 that, at a minimum, includes 
the following: 

1) A minimum threshold for triggering the requirement for post-construction stormwater management 
control and the rationale for the threshold; 

2) A defined design storm that allows for identification of an acceptable continuous simulation method 
to address the capture and treatment of80% of the annual average runoffvolume 

3) Applicable LID, GI or similar stormwater runoff reduction approaches, including the practical use 
of these approaches; 

4) Conditions where the implementation of LID, GIor equivalent approaches may be impracticable; 
and, 

5) BMPs, including a description of the following: 
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a. Site-specific design requirements; 
b. Design requirements that do not inhibit maintenance; 
c. Conditions where the EMP applies; 

6) Pollutant removal efficiency performance goals that maximize the reduction in discharge of 
pollutants. 

iv. Co-permittees must review, approve and verifY proper implementation of post-construction site plans 
for new development and redevelopment projects applicable to this section. The Port of Portland may 
address this permit requirement by documenting that all internal Port of Portland development 
projects meet the Post-Construction Site Runoff performance standards required in this subsection. 

v. Where a new development or redevelopment project site is characterized by factors limiting use of on
site stormwater management methods to achieve the post-construction site runoff performance 
standards, such as high water table, shallow bedrock, poorly-drained or low permeable soils, 
contaminated soils, steep slopes or other constraints, the Post-Construction Stormwater Management 
program must require equivalent measures, such as off-site stormwater quality management. Off-site 
stormwater quality management may include off-site mitigation, such as construction of a structural 
stormwater facility within the sub-watershed, a storm water quality structural facility mitigation bank 
or a payment-in-lieu program. 

vi. A description of the enforcement response procedures the co-permittee will follow when addressing 
project compliance issues with the enforceable post-construction stormwater management 
performance standards. 

The Port has identified the need to develop Port-specific post-construction standards that 
consider facility and site-specific requirements and operations constraints for marine terminals 
and airports (including Federal Aviation Administration requirements). The Port will adopt its 
own Port facility-specific development standards. Until that time, Port 
development/redevelopment projects will meet the permit performance conditions through 
conformance with the City of Portland's Stormwater Management Manual with the exception of 
the PDX airfield (due to operational constraints). PDX will be the focus for the first set of post
construction development standards. 

BMP(s) to address: 

• Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control Standards 
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Table 7-6. Post Construction Site RunoffBMPs 

BMP 
Permit 

BMP Implementation Measurable Goals Tracking Measures 
Requirement 

Develop, Adopt, Schedule A.4.f. BMP Responsibility: Environmental Affairs, Marine Environmental, • Adopt Port-wide • Document the 

and Implement Aviation Environmental, Engineering post -construction design, 

New Port-
Schedule A.6.c development/ construction, and 

Specific Post-
BMP Description: Schedule A.4.f of the Port' s MS4 NPDES permit redevelopment rationale for the 

Construction 
requires the Port to implement a post-construction storm water pollutant standards by retrofit project 

Runoff Control 
and runoff control program. Port development/redevelopment projects January 1,2014. addressing a 

Standards 
meet the permit performance conditions through conformance with the 

• Update IGA with 
TMDL pollutant 

City of Portland's Stormwater Management Manual with the exception of concern. 
of the PDX airfield (due to operational constraints). The Port will the City of Portland 

continue to conform with the City's standard for all but the PDX airfield by December 20 12 

until the Port has adopted Port facility-specific development standards. • Design and initiate 

BMP Implementation Tasks: construction on a 
stormwater retrofit 

2) By January 1,2014, adopt and implement Port-wide post- project to address a 
construction standards for development and redevelopment. Airport TMDL pollutant of 
specific standards will be consistent with FAA and airport concern. 
operations requirements. 

3) By December 2012, update Intergovernmental Agreement (lGA) 
with the City of Portland to clarify responsibilities so that one set of 
post-construction standards are applied to the Port's MS4, avoiding 
duplication and conflicting requirements. 

4) By end of permit term, design and initiate construction on a 
storm water capital improvement retrofit to address at least one 
applicable TMDL pollutant of concern. 
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7.7 Element #7 - Pollution Prevention for Municipal Operations 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #7 are outlined under Schedule A.4.g. The Port 
BMPs or other activities that are conducted to meet these permit requirements are listed below as 
well. 

Table 7-7 provides a detailed description of each BMP, including responsibility, implementation 
tasks, and documentation. 

i. Operate and maintain public streets, roads and highways for which the permittee has authority in a manner 
designed to minimize the discharge of stormwater pollutants to the MS4, including pollutants discharged as a 
result of deicing activities; 

BMP(s) to Address: 

• Implement a Street and Vehicle Maneuvering Area Cleaning and Maintenance Program 

ii. Implement a management program to control the use and application of pesticides, herbicides andfertilizers on 
municipally-owned properties; 

BMP(s) to Address: 

• Limit Landscape Maintenance Activities Impact on Stormwater 

• Require Training and Licensing for Staff Conducting Pest Management Activities 
(see Table 7-4) 

• Implement a Tenant BMP Program (see Table 7-4) 

iii. Inventory, assess, and implement a strategy to reduce the impact of stormwater runoff from municipal facilities 
that treat, store or transport municipal waste, such as yard waste or other municipal waste not already covered 
under a 1200 series NP DES permit; 

• Implement a Street and Vehicle Maneuvering Area Cleaning and Maintenance Program 
• Implement a Stormwater System Cleaning and Maintenance Program (this BMP is provided 

under Element #8 of the SWMP) 

iv. Implement controls to limit infiltration of seepage from the municipal sanitary sewer system to the MS4 where 
necessary; 

BMP(s) to Address: 

Implement a Program to Limit Infiltration from Port-Owned Sanitary Sewer System to the MS4 
v. Implement a strategy to prevent or control the release of materials related to fire-fighting training activities; 

and, 

BMP(s) to Address: 

• The only fire fighting training facility is located at PDX, which operates under a 1200-COLS 
permit. 
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vi. Assess co-permittee flood control projects to identifY potential impacts on the water quality of receiving water 
bodies and determine the feasibility of retrofitting structural flood control devices for additional stormwater 
pollutant removal. The results of this assessment must be incorporated and considered along with the results of 
the Stormwater Retrofit Assessment required by this permit; 

BMP(s) to Address: 

• The City of Portland manages water quality improvements on a master planning level. 
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Table 7-7. Pollution Prevention for Municipal Operation BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

Implement a Schedule BMP Responsibility: Marine Facilities Maintenance (MFM), Marine • Sweep • Track 

Street and A.4.g.i Environmental, MID Properties Maintenance, PDX Maintenance McCarthy Park sweepmg 

Vehicle parking lot frequency at 

Maneuvering 
BMP Description: The Port has limited responsibility with regard to annually. McCarthy 
roadway maintenance, as the City conducts activities affecting the Park. Area 
right-of-way throughout the City boundary, including some Port • Sweep Port-

Cleaning and 
operating areas. managed, • Track 

Maintenance accessible areas sweepmg 
Program PDX Maintenance conducts roadway maintenance on specific Port- of the marine frequency at 

managed areas including Frontage Road, Airport Way, PDX terminals the marine 
employee parking lots, sections of 82nd A venue and Airtrans Way. annually. terminals. 
MFM conducts pavement maintenance throughout the Port-managed 

• Sweep Airport • Track areas and select leaseholds of the marine terminals. MID Properties 
Maintenance contracts pavement repair for Port-managed areas of the Way, Frontage sweepmg 

industrial parks. The Port conducts sweeping and deicing activities Road, and the frequency at 

as needed to maintain safe operations at Port-managed locations PDX employee Airport 

throughout Port property. parking lots a Way, 
minimum of Frontage 

BMP Implementation Tasks: once per week. Road and 
1) Sweep the McCarthy Park (Swan Island) parking lot annually. the PDX 

(Responsibility: MID Properties Maintenance). employee 

2) Sweep Port-managed areas of the marine terminals annually. If parking lots. 

additional sweeping is needed, Marine Environmental will 
• Report 

coordinate with MFM staff (Responsibility: Marine amount of 
Environmental, MFM). materials 

3) Sweep Airport Way, Frontage Road and PDX employee parking removed. 
lots twice per week in winter and once per week in summer Materials 
(Responsibility: PDX Maintenance). will include 

4) Maintain and repair roadway areas to minimize pollutant those 

impacts to stormwater as needed (Responsibility: MFM, PDX collected 

Maintenance) . from 

5) Follow manufacturer's recommendation for application of catchbasins 

deicing products (Responsibility: MFM, PDX Maintenance, and other 

MID Properties Maintenance). structural 
devices (see 
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Table 7-7. Pollution Prevention for Municipal Operation BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

6) As necessary, decant street sweeping wastes in covered, water- BMP: 

tight drop boxes (Decant Water Collection Boxes) that drain to Implement a 

an approved sanitary sewer discharge point. Stormwater 
System 
Cleaning 
and 
Maintenance 
Program) . 

Limit Schedule BMP Responsibility: MID Properties Maintenance, Marine • Annually • Document 

Landscape A.4.g.ii Facilities Maintenance (MFM), PDX Maintenance, Environmental update the the annual 

Maintenance Affairs Port's pesticide pesticide use 

Activities use inventory. update. 

Impact on 
BMP Description: The Port has a program to control the use and 
application of pesticides, herbicides and fertilizers on Port property 

Stormwater 
(with the exception of the airfield). This program includes 
responsibilities for MID Properties Maintenance, MFM, and PDX 
Maintenance regarding landscape activities. As necessary, the 
program will be updated to meet permit requirements. 

BMP Implementation Tasks: 

1) Apply pesticides and fertilizers, using an Integrated Pest 
Management approach to minimize impacts to stormwater 
(Responsibility: MID Properties Maintenance, PDX 
Maintenance, MFM). 

2) Review the Port's program to control pesticides, herbicides and 
fertilizers annually, and update as appropriate. (Responsibility: 
Environmental Affairs, MFM, PDX Maintenance). 

3) Maintain an inventory of pesticides used on Port property and 
update annually (Responsibility: Environmental Affairs). 
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Table 7-7. Pollution Prevention for Municipal Operation BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

Implement a Schedule BMP Responsibility: PDX Maintenance, MFM, PDX • Document • Maintain a 
Program to A.4.g.iv Business/Properties, and Aviation Facilities Maintenance. completion of list of Port 

Limit BMP Description: The Port owns a portion of the sanitary sewer implementation tenants 
Infiltration system at Portland International Airport as well as at several marine tasks (2-4) implementing 
from Port- terminals. These systems are maintained on a regular basis by Port of associated with the FOG 

Owned Portland staff to ensure proper operation and limit the potential for this BMP (with program. 
Sanitary infiltration or overflow into the Port's MS4. The Port's maintenance PDX 

Sewer program includes the following elements (listed as implementation Maintenance, 
System to the tasks below). Aviation Fa-

MS4 cilities Main-
tenance, MFM, 

BMP Implementation Tasks: and PDX Busi-
ness/Properties) 

1) Monitor pump stations electronically to ensure proper function of 
Aviation pump stations. (PDX Maintenance) 

2) Monitor pump stations through weekly inspections and 
audible/visual alarms to ensure proper function of MID pump 
stations. (MFM) 

3) Conduct annual pump station maintenance, including flushing, 
float and alarm testing, and debris removal for all pump stations. 
(PDX Maintenance, MFM) 

3) Clean Port-owned grease interceptor vaults at PDX on an annual 
basis. (Aviation Facilities Maintenance) 

4) Continue to implement the tenant FOG (fats/oils/grease) program 
to ensure proper handling of these materials at PDX. (PDX 
Business/Properties) 
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7.8 Element #8 - Structural Stormwater Controls Operations and Maintenance 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to Element #8 are outlined under Schedule A.4.h. The Port 
BMPs or other activities that are conducted to meet these permit requirements are listed below as 
well. 

Table 7-8 provides a detailed description of each BMP, including responsibility, implementation 
tasks, and documentation. 

i. Co-permittees must implement a program by January 1, 2013 to verifY that stormwater structural facilities and 
controls are inventoried, mapped, inspected, operated and maintained for effective pollutant removal, 
infiltration and/or flow control. At a minimum, the program must include the following: 1) Legal authority to 
inspect and require effective operation and maintenance; 2) A program to inventory and map public and private 
stormwater treatment facilities as provided under Schedule A.4.h.ii.; and, 3) Public and private stormwater 
facility inspection and maintenance requirements for stormwater facilities that have been inventoried and 
mapped as provided under Schedule A.4.h.ii. 

BMP(s) to Address: 

• Implement a Stormwater System Cleaning and Maintenance Program 
• Implement a Program for the Tracking and Maintenance of Private Structural Controls 

ii. As part of the Stormwater Structural Facilities and Controls Inspection and Maintenance program, co
permittees must develop and implement a plan or approach that guides the long-term maintenance and 
management of all publicly-owned and identified privately-owned stormwater structural facilities and controls. 
At a minimum, the plan or approach must describe the following: 

1. Publicly-owned or operated stormwater quality facilities inventory and mapping process, inspection and 
maintenance schedule, inspection, operation and maintenance criteria and priorities, description of 
inspector type and staff position or title, and, inspection and maintenance tracking mechanisms; and 

2. Privately-owned or operated stormwater quality facilities procedures for and types of stormwater facilities 
that will be inventoried and mapped, inspection criteria, rationale, priorities, inspection frequency and 
procedures, required training or qualifications to inspect private stormwater facilities, reporting 
requirements, and, inspection and maintenance tracking mechanism. At a minimum, the inventory and 
mapping must include the following: 

(i) Private storm water management facilities for new development and redevelopment 
projects constructed under the co-permittee 's post-construction management manual or 
equivalent document after February 1, 2011.; 

(ii) Private stormwater management facilities identified by the co-permitttee and used to 
estimate the pollutant load reduction as part of the TMDL benchmark evaluation; and, 

(iii) Any major private stormwater management facilities or structural controls. 

BMP(s) to Address: 

• Implement a Stormwater System Cleaning and Maintenance Program 
• Implement a Tenant BMP Program (see Table 7-4) 
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Table 7-8. Structural Stormwater Control Operation and Maintenance BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

Implement a Schedule A.4.h.i BMP Responsibility: Marine Environmental, Marine Facilities • Inspect and clean • Track number 

Stormwater Maintenance (MFM), Properties, Environmental Affairs all catch basins of catch basins 
Schedule A.4.h.ii within the Port- cleaned System BMP Description: The Port owns and operates stormwater managed areas annually. Cleaning and system features within the Port' s MS4 permit boundary. not otherwise Maintenance Stormwater system features include pipes, catch basins, and Port- covered by a • Track cleaning 

Program owned and operated structural controls such as sedimentation 1200-series 
frequency for 

manholes, oil/water separators, hydrodynamic devices, filters, industrial the Port owned 

and swales. Stormwater system features are currently mapped in stormwater and operated 

GIS. permit annually. 
structural 
stormwater 

The Port implements a stormwater system inspection and • Inspect and controls by 
maintenance program per provisions outlined in Ordinance 361, maintain all Port- facility type. 
which provides the Port with authority to control the contribution owned and 

• Track storm of pollutants to storm sewers owned or operated by the Port for operated 
areas not covered by a 1200-series industrial stormwater permit. structural 

sewer system 

The Port has documented inspection and maintenance controls within pipe cleaning 

procedures . the Port- activities 

By June 30, 2012, the Port will review the existing inspection and managed areas 
annually. 

maintenance procedures in accordance with requirements not otherwise • Track updates to 

outlined in the Port's MS4 NPDES permit. covered by a the stormwater 
1200-series system features 

BMP Implementation Tasks: industrial maps. 

1) Continue to implement a storm water system feature stormwater 
permit annually. • Report amount 

inspection and maintenance program. (Responsibility: of materials 
Marine Environmental, MFM, Properties Maintenance). removed. 

2) Inspect and clean catch basins (as necessary) annually in Materials will 
Port-managed areas of Marine and Industrial Development include those 
(Responsibility: Marine Environmental, MFM). collected from 

street sweeping 
3) Conduct litter pickup and vegetation management activities (see BMP: 

to ensure adequate access and performance of all stormwater Implement a 
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Table 7-8. Structural Stormwater Control Operation and Maintenance BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

system features as needed. (Responsibility: Marine Street and 
Environmental, MFM, Properties Maintenance) Vehicle 

4) Coordinate updates of storm sewer system maps to include 
Maneuvering 

updated stormwater conveyance system features and Port-
Area Cleaning 
and 

owned and operated structural controls (Responsibility: 
Maintenance 

Marine Environmental, Environmental Affairs). 
Program). 

5) By June 30, 2012, review and update the existing inspection 
and maintenance procedures for structural stormwater 
controls in accordance with requirements outlined in the 
Port's MS4 NPDES permit. 

6) As necessary, decant storm system and catchbasin cleaning 
wastes in covered, water-tight drop boxes (Decant Water 
Collection Boxes) that drain to an approved sanitary sewer 
discharge point. 
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Table 7-8. Structural Stormwater Control Operation and Maintenance BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

Implement a Schedule A.4.h.i BMP Responsibility: Marine Environmental, Environmental 
• Develop an • Track the number 

inventory and of existing and 
Program for Schedule A.4.d.iv Affairs mechanism for new private 
the Tracking BMP Description: For new and re-development activities, the tracking of private structural control 

and City of Portland requires the implementation of stormwater structural controls facilities installed 
Maintenance management facilities. Every permitted project with at least one on tenant on Port-

of Private storm water management facility is required to submit an 
properties. properties. 

Structural 
Controls 

operations and maintenance form and plan. The O&M plan must 
address in detail, the procedures necessary to maintain each 
facility type in good working condition. The development of Port 
properties is regulated by the City of Portland through their plan 
review process. Therefore, maintenance of resulting facilities is 
regulated by the City of Portland. 

In accordance with the BMP: Implement a Tenant BMP Program 
(see Table 7-4), over the permit term, Port staff will coordinate 
with the City of Portland to develop an inventory and mechanism 
for tracking private structural control facility installations on 
tenant properties. Such inventory and tracking mechanism shall 
include provisions for the mapping of these private structural 
controls. 

The Port currently implements an inspection and maintenance 
program for Port-owned structural stormwater controls per 
established procedures. By June 30, 2012 the Port will review 
the existing inspection and maintenance procedures in accordance 
with requirements outlined in the Port's MS4 NPDES permit. In 
conjunction with this program, Port staff will provide information 
to tenants related to proper inspection and maintenance activities 
for such private structural control facilities. 
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Table 7-8. Structural Stormwater Control Operation and Maintenance BMPs 

Permit BMP Implementation 
Measurable Tracking 

BMP Requirement Goals Measures 

BMP Implementation Tasks: 

1) Work with the City of Portland to establish and maintain an 
inventory of existing private structural control facilities on 
tenant properties by December 31,2012. (Responsible Party: 
Marine Environmental, MID Properties Management, 
Environmental Affairs) 

2) Develop a program in conjunction with the City of Portland 
to track private structural control facilities on tenant 
properties over the permit term. (Responsible Party: MID 
Environmental, Environmental Affairs) 

3) By June 30, 2012, develop an updated inspection and 
maintenance procedure for structural stormwater controls for 
distribution to owners of private structural control facilities. 
(Responsible Party: MID Environmental, Environmental 
Affairs) 
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7.9 Stormwater Retrofit Project and Monitoring Component Requirements 

The MS4 permit includes the following permit requirements listed in the italicized text below. In 
some cases, language for the listed permit requirements has been condensed. Applicable MS4 
NPDES permit provisions related to the stormwater retrofit project and monitoring component 
requirements are outlined under Schedule A.6.c and B-1 through B-4. The Port BMPs or other 
activities that are conducted to meet these permit requirements are listed below as well. 

Permit requirement (Schedule A.6.c): 

c. IdentifY one stormwater quality improvement project, at a minimum, to be initiated, constructed or 
implemented during the permit term. The project must target the reduction of applicable TMDL pollutant 
parameters and be associated with a Capital Improvement Project or other municipal retrofit project or 
strategy. 

BMP(s) to Address: 

• Develop, Adopt, and Implement New Port-Specific Post-Construction Runoff Control 
Standards. 

(Schedule B-1 through B-4): 

The Port must assist with monitoring efforts in conjunction with requirements as stated in Table B-1, 
Schedule B(l)(b). 

BMP(s) to Address: 

• Pursuant to an IGA, the Port of Portland and the City of Portland have a joint monitoring 
program conducted by the City to meet the requirements specified under Schedule B. 

8.0 SUMMARY OF THE PORT OF PORTLAND'S STORMWATERMONITORING ACTIVITIES 

As part of the National Pollutant Discharge Elimination System (NPDES) Municipal Separate 
Storm Sewer System (MS4) permit requirements, permittees are required to develop and 
implement a stormwater monitoring program. 

The NPDES stormwater monitoring program requires two components. The first component is 
program monitoring, which involves the tracking and assessment of programmatic activities, as 
described in the individual permittees Stormwater Management Plans (SWMP). The tracking 
and assessment is conducted through the use of measurable goals and tracking measures. The 
second component is environmental monitoring which includes the actual collection and analysis 
of stormwaterl surface water samples. 

Six specific monitoring objectives are outlined in the Port's MS4 NPDES permit that should be 
addressed with the City's monitoring program. The six objectives are: 
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1. Evaluate the source(s) of the 2004/2006 303(d) listed pollutants applicable to the co
permittee's permit area. 

2. Evaluate the effectiveness of Best Management Practices (BMPs) in order to help 
determine BMP implementation priorities; 

3. Characterize MS4 runoff discharges based on land use type, seasonality, geography or 
other catchment characteristics; 

4. Evaluate status and trends in receiving waters associated with MS4 stormwater 
discharges; 

5. Assess the chemical, biological, and physical effects ofMS4 discharges on receiving 
waters; and, 

6. Assess progress towards meeting TMDL pollutant load reduction benchmarks. 

The Port of Portland conducts a variety of programmatic monitoring activities that address 
specific monitoring obj ectives from this list. Additionally, the Port coordinates on 
environmental monitoring activities with the City of Portland via an intergovernmental 
agreement (IGA). 
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Introduction 

Port of Portland 
Municipal Storm Water 

Annual Report 
Permit # 101314 

Submitted August 23, 1999 

This report is submitted to the Oregon Department of Environmental Quality (DEQ) in 
compliance with the National Pollutant Discharge Elimination System (NPDES) Municipal 
Separate Storm Sewer System Discharge Permit (Municipal Permit) requirements. As a co
permittee, the Port of Portland's (Port's) annual report contains the information required by the 
Municipal Permit schedule B (6) and (7a.-d.). Please refer to the introductory section and 
executive summary of the entire co-permittee submission for report format details. All tables 
and figures referenced throughout this report are compiled in Appendix 1 and Appendix 2, 
respectively. 

Schedule B (7 a.-b.) of the Municipal Permit requires a description of implemented components 
and changes to the Port's Municipal Storm Water Management Plan (MSWMP). The Port 
MSWMP, submitted in the Part 2 NPDES Municipal Permit application, was approved by the 
DEQ. The Port MSWMP describes a series of Best Management Practices (BMPs) to be 
implemented throughout the 5-year MuniCipal Permit term. The MSWMP BMPs were selected 
to satisfy the requirements for municipal compliance promulgated in 40 CFR 122.26(d)(2)(iv). 
The MSWMP BMPs are reviewed below in the same order as they were listed in the submitted 
MSWMP. The BMPs were fully described in the Municipal Permit application referenced above. 
For the purposes of this annual report, only the BMP description, status, implementation 
activities, and any proposed BMP changes will be discussed. 

Schedule B (6) and (7c. - d.) of the Municipal Permit requires permittees to submit a summary of 
the analytical data collected for municipal monitoring compliance. The analytical data 
representing the quality of storm water runoff from various land uses within the municipal permit 
jurisdiction, which includes the Port, are included in the Portland urban area data analysis in the 
final section of the co-permittee report document. 

The Port submitted the completed Port Municipal Storm Water Monitoring Program to DEQ on 
April 8, 1998. Following submittal, the Port initiated the BMP monitoring portion of the Port 
Monitoring Program. Data from the 1998/1999 permit year sampling are presented in Tables 1 
and 2. In addition, the Port has worked with the City of Portland on agreements to pay the 
Port's share of costs for municipal NPDES permit monitoring and TMDL monitoring. 

The industrial permit compliance monitoring data from samples collected at specific Port 
industrial outfalls for the 1998/1999 season are included in Tables 3-8. The Port Industrial 
Storm Water Permit data represents runoff quality from a range of industrial activities occurring 
on Port property. Samples were collected from the Portland Ship Repair Yard (PSY), Portland 
International Airport (PDX), and Marine Terminal 6 (T-6). These samples are representative of 
a variety of activities, including transportation, industrial, and commercial land uses. Although 
this data set was collected as part of the Port's Industrial Storm Water Permit compliance, it is 
included in this annual report because it effectively represents a portion of the municipal storm 
water monitoring requirements. The grab sample analysis from the industrial sampling was 
used to estimate pollutant loads for each storm sampled and each sampling location. 
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The Port owns approximately 9,700 acres in 3 operating areas (PSY, PDX, and the marine 
terminals) and 1 non-operating area (several industrial parks) within the City of Portland Urban 
Services Boundary. These areas were described in full in the Part 2 NPDES application, 
therefore, only a brief description is provided below. 

Ship Repair Yard 
The Portland Ship Repair Yard (PSY) consists of approximately 94 acres located on Swan 
Island in North Portland. The Ship Repair Yard is leased to, and operated by, Cascade 
General. Cascade General is responsible for daily environmental compliance. The industrial 
storm water permit at PSY, 1200-Z, is now in the operators name, with the subtenants listed as 
co-permittees to the permit. The list of PSY tenants and co-permittees is included in Table 9. 

Airport 
Portland International Airport (PDX) is approximately 3,229 acres in size and is located in 
Northeast Portland. The airport's storm water runoff discharges into the Columbia Slough 
through a series of 9 outfalls. PDX is currently regulated under the General Industrial Storm 
Water Permit 1200-T and the new storm water and wash water discharge permit for de-icing 
and anti-icing materials. A new industrial storm water discharge general permit (1200-COLS) 
for the Columbia Slough watershed was recently proposed and will replace the 1200-T permit. 
The 1200-COLS reflects the Total Maximum Daily Load (TMDL) of pollutants that the Slough 
can assimilate and meet water quality standards. Tenant co-permittees are listed in Table 9 of 
this report. 

Marine Terminals 
The marine terminal operating area includes five terminals occupying approximately 1,023 
acres. The storm water runoff from the terminal areas enters into the Willamette River, the 
Columbia River, and the Columbia Slough. Marine tenants with NPDES permits are listed in 
Table 9. T-6 is the only Port terminal located on the Columbia River. It is operated by the Port 
and complies with the 1200-Z permit. 

Industrial Parks 
The industrial parks managed by the Port include Swan Island/Port Center, Rive rgate , Mocks 
Landing, Portland International Center (PIC), Troutdale Industrial Park, and Brookwood 
Corporate Park. However, Troutdale (75 acres) and Brookwood (22 acres) are outside of the 
municipal NPDES permit area. The total industrial/commercial park area within the municipal 
NPDES permit area is approximately 3,838 acres. The Port has sold much of the property in 
the above mentioned parks, and the remaining property is approximately 80% leased. Figure 1 
is a map of Swan Island, Mocks Landing, and the Port Center. Figure 2 is a map of the 
Rivergate District. The maps show Port owned property, leased property, and sold parcels. 
The storm water runoff from the industrial park areas discharges to the Willamette River, the 
Swan Island Channel, and the Columbia Slough. Tenants located in the industrial parks are 
responsible for obtaining and complying with applicable permits independent of the Port. The 
industrial park tenants with NPDES permits are listed in Table 9. 

Port of Portland Organizational Structure 
The Environmental Services Division (ESD) is a corporate branch in the Port's Policy and 
Planning Department. The ESD is responsible for environmental issues including property 
transactions, while the operating areas are responsible for day to day compliance. The ESD 
provides the operating areas with the appropriate environmental language for property 
transaction documents. If Phase I environmental site assessments or walk-throughs are 
required, then ESD is responsible for scheduling and completion. 
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Schedule B (7a. - b.) Requirements 

The remainder of this report describes the BMPs in the Port's Municipal Storm Water 
Management Plan (MSWMP), and briefly summarizes the Port's activities within these BMP 
categories. Most BMP categories are comprised of several tasks, as described in the MSWMP. 

BMP Number: 
PP1 - Planning and Policy Development 

BMP Description: 
Promulgate policy and practices to address storm water pollution issues on all Port 
lands. 

Status 

The ESD continues to provide policy and program direction to the Port operating areas. Many 
Portwide storm water programs have been developed and implemented for the purposes of 
storm water control and runoff water quality improvement. The ESD's role is to develop the 
required storm water programs in cooperation with operating area staff, gain approval from 
operating area management, and then help implement programs in the respective areas. 
Ultimately the operating area environmental staff conducts and maintains the program 
components. 

The programs that have been implemented and are a part of operating area compliance include 
the Illicit Discharge Detection and Removal Program, the Municipal Storm Water Monitoring 
Program, and the Tenant Program. A Port-wide catchbasin stenciling program, and a 
catchbasin inspection program at PDX are also being developed. 

The Port will comply with the new storm water and wash water discharge permit for de-icing and 
anti-icing materials, which ensures compliance with the Columbia Slough TMDL waste load 
allocations for dissolved oxygen. The Aviation Environmental BMP Committee meets monthly 
to address storm water BMPs, including deicing practices. A new industrial storm water general 
permit (1200-COLS) for the Columbia Slough watershed was also recently proposed, which 
reflects the TMDL of pollutants that the Slough can assimilate and still meet water quality 
standards. 

The Port has developed a number of storm water related practices. All new policies, practices, 
and programs relating to the storm water program will be discussed below in the appropriate 
BMP sections. 

Operating area site specific practices are being improved and developed as operating area 
storm water awareness increases. The Port is dedicated to continued storm water education 
efforts. The site specific pollution control practices developed are documented in the operating 
area Storm Water Pollution Control Plans (SWPCPs). The benefits from these implemented 
practices are monitored via the wet season visual water quality observations and sampling, and 
dry season screening and sampling. 
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Implemented Activities 

Task 1 
Development of pollution control practices is typically concurrent with the implementation of the 
various storm water-related programs. As guidelines are developed they are documented as 
part of the implementation process. In some cases, documentation may include 
correspondence to a Port tenant and incorporation of a practice in Portwide environmental 
procedures for storm water. In all cases, the documentation of the developed practice will be 
maintained in the Port MSWMP, the operating area SWPCP, or other appropriate storm water 
documents. 

The ESD has made progress in developing practices concerning property inspection walk 
through documentation, environmental lease language and use agreement updates, and the 
development of a Portwide Environmental Management System (EMS) and Environmental 
Management Information System (EMIS). 

Task 2 
Assessment of the water quality monitoring data for Municipal Permit compliance consists of a 
review of the industrial storm water data and the data obtained from the City's monitoring 
program. The monitoring data collected for purposes of the Port's industrial storm water 
compliance are included in Tables 3-8 of this report. The samples collected represent a cross 
section of the industrial activities occurring on the Port's property. In summary, review and 
analysis of the data shows that 100 percent of the PDX sample results were within the 
benchmarks of the 1200-T permit. Approximately 86 percent of the T -6 data results and 72 
percent of the PSY data results were below 1200-Z benchmarks. Review of the permit 
jurisdiction data is included in the last section of the overall co-permittee report. 

The assessment of the BMP effectiveness monitoring data does not directly provide information 
on the quality of storm water leaving Port property. The data was intended to provide 
information on the effectiveness of structural BMPs. The Port's municipal storm water 
monitoring program includes the monitoring of three structural BMPs. The Port did not conduct 
an analysis of one of the structural BMPs, the Stormceptor unit. The Port will shortly begin a full 
revision of the MSWMP and its BMP effectiveness monitoring approach. The data from the 
BMP analyses are presented in Tables 1 and 2. Information this year confirms that the current 
BMP effectiveness monitoring program needs revision. 

Task 3 
The operating areas have the lead role in the continued development of the on site specific 
practices to ensure compliance with storm water regulations and progress with storm water 
pollution prevention goals. The ESD provides guidance and motivation to continue storm water 
practice development and implementation. New practices are to be documented and 
maintained in the operating area SWPCPs or other appropriate storm water documents. If a 
new practice or BMP is implemented on Port property that is not covered by a site specific 
SWPCP, then the practice is documented in the MSWMP and maintained by ESD at the 
corporate office. Figure 3 is the Best Management Practice Summary Form that has been 
developed and distributed to appropriate personnel to instigate documentation of new BMPs or 
practices in the operating areas. New operating area practices are described below in the 
appropriate BMP Section. 
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ED1 - Employee Education 

BMP Description: 
Inform employees of new storm water pollution control efforts and activities in each Port 
operating area. Provide guidance for implementing where applicable. Cooperate with 
the City's educational programs that relate to the Port operations. 

Status 

The Port continues to make substantial progress with the employee and tenant education BMP. 
Table 10 lists the storm water oriented training accomplished and attended this compliance 
year. Educational meetings, information exchanges, and presentations have covered a variety 
of BMP topics ranging from de-watering practices to the BMP monitoring program. The 
agendas, list of attendees, and summary of information presented are maintained in either the 
operating area or ESO files, or the Port MSWMP. 

Implemented Activities 

Task 1 
The Port attends Association of Clean Water Agencies (ACWA), co-permittee, and other agency 
meetings focusing on storm water education issues. For example, the regional spill meetings 
will be attended by Port staff or a Port staff representative. 

Task 2 
Operating areas continue to develop and improve employee storm water awareness training. 
Regular meetings contain environmental subjects, including spill response procedures and 
hazardous waste management. 

Marine, POX, and PSY have storm water inlet stenciling programs that are in place or being 
developed. Stenciling drains is an effective educational tool that warns people against 
discharging non-storm water discharges into the system. 

POX conducted training courses on construction dewatering and erosion control in November 
1998 for construction personnel. POX has also developed an airport specific environmental 
training video, which is periodically shown to Port and tenant employees. Aviation currently 
conducts spill response training, and will begin training for procedures on specific waste and 
materials handling this November. 

The Marine Tenant Program incorporates training sessions with tenant employees and the 
Properties Maintenance crew regarding BMP development and implementation. These 
meetings include discussion of applicable regulations, review of current practices, and an 
information sharing session. Training courses conducted this year are listed in Table 10. All 
other documentation of operating area training is maintained in the operating area 
environmental files. 

Training materials were developed by ESO and include slides and overheads. These materials 
have been developed and are maintained to be used for continued training and awareness 
meetings throughout the Port. These materials are part of the training program that will be 
continued as part of municipal storm water compliance. 
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Task 3 
The Port continues to participate with the City and other co-permittees in storm water meetings. 
ESO staff, for example, attended the City of Portland's Storm Water Manual Training this year 
as well as the Pacific Northwest Storm Water '99 annual meeting. Information from these types 
of meetings is distributed to the Port operating areas when applicable. 

Task 4 
The Port Tenant Program continues to be developed. The initial training and awareness 
portions were conducted in 1996 and 1997. The operating areas continue to hold tenant 
meetings where storm water issues are discussed. POX has developed a BMP Committee 
program, which includes regular meetings that facilitate BMP training communications with POX 
tenants. Substantial progress has also been made this permit year in the development of the 
Marine Tenant Program. Two BMPs have been developed under this program, and two others 
are currently in draft stage. One of the BMPs currently in place addresses storm water 
discharge, while the other relates to spill prevention and response. Several more BMPs are 
scheduled to be in place within the year, including one that addresses waste management and 
another pertaining to hazardous waste/hazardous materials management. The Marine BMP 
development schedule is shown in Figure 4. Marine has also started a tenant newsletter, which 
keeps tenants informed on current environmental issues at the Port. The newsletter includes 
listings of events and websites intended to provide additional information to ten.ants. 

PI1 - Public Programs 

BMP Description: 
Support public programs which increase public awareness of the importance of water 
quality protection. 

Status 

The ESO will continue to relay any relevant public information and materials related to 
stormwater to Port operating areas and tenants. 

Implemented Activities 

Task 1 
City brochures, documents, and pamphlets related to storm water will continue to be reviewed 
and distributed. Metro Haz-Waste information, spill procedures, and brochures developed by 
BES have been distributed to the operating areas. 

Task 2 
The Port will continue to participate in projects connected with water quality protection and 
enhancement. 

Task 3 
The operating areas made contributions to public water quality awareness activities throughout 
the 1998/1999 permit year. The Port participated in SOL V. POX environmental staff gave a 
storm water BMP presentation for the Water Environment School at Clackamas Community 
College, and participated in a career talk related to storm water BMPs for apprentices in a 
Science and Engineering Saturday Academy. POX was also a co-sponsor with the City for the 
Slough Regatta event. The T-6 environmental staff gave a presentation about marine spill 
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procedures at the Portland regional spill committee meeting. This meeting was attended by 
representatives of several agencies from the region. Cascade General has implemented a 
public review plan in regards to a project that involves the dismantling of decommissioned naval 
ships. The plan is aimed at educating and involving the public on issues associated with the 
project, including hazardous materials abatement and management. Features of the public 
review plan include: the distribution of informational materials to stakeholders through mailing 
lists; guided tours of the Portland Ship Repair Yard; and open houses designed to disseminate 
project information to affected parties, and provide the opportunity for feedback. 

OM1 - Operations and Maintenance Storm Water Quality Facilities 

BMP Description: 
Evaluate existing storm water maintenance practices that affect water quality at existing 
storm water quality facilities. 

Status 

The Port currently complies with 3 industrial storm water permits for properties within the 
Portland Urban Services Boundary. These permits include two 1200-Z permits issued for T-6 
and PSY, and one 1200-T permit for POX. The Port will comply with the new 1200-COLS 
permit, which will replace the 1200-T permit for POX. Cascade General is the operator for PSY, 
and the 1200-Z permit is in Cascade General's name. The operating areas have updated or are 
in the process of updating the site specific Storm Water Pollution Control Plans (SWPCPs). The 
updates include the new 1200-Z requirements and any changes in storm water practices and 
policies implemented at the facility. 

Implemented Activities 

Each operating area has developed and implemented specific storm water maintenance 
practices relevant to the Port and tenant operations occurring at the facility. Many of the 
maintenance practices have been established and implemented over the last few years of 
compliance or were in place prior to the regulations. Much of the work has already been 
accomplished, but there are a few new maintenance activities to report in this submission. 

POX 
POX maintenance and the POX environmental staff continue to complete storm water BMP 
maintenance activities according to the SWPCP schedules. Routine BMP maintenance 
completed includes: boom deployment, maintenance, and replacement; straw bale inlet 
protection and replacement; inlet filter installation maintenance and replacement; 
detention/quiescent pond cleaning; vegetative swale maintenance; maintenance of oil water 
separators; maintenance of outfall access; and catch basin inspection and cleaning. 

PDX has developed a number of BMP maintenance tools including documented schedules for 
BMP maintenance, as well as methods for recording BMP management activities conducted. 
Tables 11 and 12 are examples of the Storm Water BMP Maintenance Schedule and the POX 
Oil-Water Separator Cleaning Program Schedule, respectively, that have been developed and 
implemented. Figure 5 is an example of one of the many inspection forms that POX will be 
using to inspect and record BMP maintenance activities. POX has developed inspection forms 
for documenting the condition of Port areas and the efficacy of Port practices, including: 
Outdoor Material Storage Areas, Oil-Water Separators, Catch Basin Filters, Catch Basins, 
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Above Ground Storage Tanks, Fuel Islands, Mobile Fueling, Wash Areas, and Storm Water 
Control Cleaning and Repair Logs. Examples of these forms can be found in both the PDX 
SWPCP and the Port MSWMP. 

PDX continues to implement a computerized system that logs the Global Positioning System 
(GPS) location, inspection, cleaning, structural condition, and filter condition information for 
each of the 2,648 catch basins, inlets, and manholes at PDX. The PDX Master Drainage Plan 
is shown in Figure 6. The system documentation records will be maintained in the PDX 
maintenance files. When a catch basin, inlet, or manhole is inspected a record of the 
observation is completed, and the information is transferred to the computerized management 
system. 

PSY 
Cascade General retains many of the routine maintenance tasks on a computerized system. 
Storm water maintenance activities conducted at PSY include: boom deployment, maintenance, 
and replacement; maintenance of the ballast water and dry-dock water treatment plants; and 
catch basin cleaning, maintenance, and inspection. Maintenance records are maintained in 
their maintenance office. An estimated 100 catch basins per quarter were cleaned and 
inspected during the 1998/1999 permit year. 

Terminal 6 (T-6) 
The marine terminal maintenance computer system has been upgraded, and is now in 
operation. Maintenance and environmental inspection information is tracked on this system, 
which includes work orders to cover any maintenance work conducted. 

Storm water maintenance activities completed at T-6 throughout the last permit year include: 
catch basin inspection and cleaning; oil/water separator maintenance; and inlet filter 
maintenance and replacement. Additional catch basins were installed this permit compliance 
year, bringing the total number to 170. All catch basins are inspected monthly, and cleaned as 
needed by the T-6 maintenance crew. Filters are checked during these inspections, and 
replaced if necessary. An estimated 20 filters were replaced throughout the 1998/1999 
compliance year. Approximately 3 to 4 cubic yards of materials were recovered from the clean 
out process. The oil/water separators are inspected monthly, and are generally cleaned 
annually. A BMP field form is completed for all inspections. The cleaning and waste disposal 
records are maintained in the Waste Stream Management Book in the T-6 Environmental 
Office. 

Industrial Parks Maintenance 
Properties Maintenance staff are responsible for maintaining all Port landscaping for the 
industrial parks and the majority of the marine terminals. The catch basins located on Swan 
Island that are on Port property are now cleaned once a year by an outside profeSSional 
contractor. The contractor is responsible for proper waste disposal. The clean out records are 
maintained in the Properties Maintenance Office files. 

Operation and maintenance specifics for each operating area are documented in a number of 
places: the SWPCP; the maintenance computers (PDX, PSY, and Marine); the environmental 
files; and written Standard Operating Procedures. Records and documentation of the 
maintenance activities and inspections continue to improve. 

Waste collected from operation and maintenance activities is disposed of as follows. Storm 
drain inlet sediment and street sweeping debris are disposed of at the hazardous waste landfill 
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in Hillsboro (USA Waste Services). The material from the oil-water separator at T-6 is removed 
and disposed of by Spencer Environmental with their sump cleaning trucks. 

Figures 7 and 8 are copies of the BMP Inspection and Maintenance Form and the BMP 
Maintenance Schedule Form, respectively. This form was distributed to the appropriate Port 
personnel. 

OM2 - Operations and Maintenance - Streets and Vehicle Maneuvering Areas 

BMP Description: 
Evaluate operations and maintenance for the Port roads and vehicle maneuvering areas 
to determine water quality impacts. Recommend improved procedures or practices that 
reduce the discharge of pollutants to the storm water system. 

Status 

Maintenance of road and vehicle maneuvering areas is conducted by the Port operating areas. 
Marine maintenance, POX maintenance, Cascade General, and the Industrial Parks Properties 
Maintenance crew are responsible for maintaining the surfaces in their respective areas. The 
maintenance plans and SWPCPs for the operating areas address many of the operating and 
maintenance issues for roads and surfaces. 

Currently the most intensive effort concerning road and surface maintenance is sweeping. The 
operating areas conduct sweeping regularly. POX, for example, conducts sweeping of the 
airfield on a daily basis. At the Industrial Parks the sweeping is conducted by outside 
contractors. Records of sweeping are maintained at PSY, POX, and T-6 in the maintenance 
files. Swept material is stockpiled in a manner that prevents impact to storm water runoff. The 
material is tested for hazardous waste content and appropriately disposed at Metro or Sanifill. 
The sampling and disposal tracking records are also maintained in the operating area 
maintenance files. In some cases, the information is also maintained by the operating area 
environmental staff as part of waste stream management. 

Implemented Activities 

The Port conducts limited deicing on streets and roads (exclusive of POX). At POX a new "No 
Urea Policy" for pavement deicing has been formally adopted. The policy was initiated by a 
letter sent to all POX tenants prohibiting the use of urea for surfaces deicing 

POX Deicing 
A new DeiCing and Anti-Icing Runoff Control Program was instituted in the 1997-98 deiCing 
season. The program is a combination of strategies to control, collect, and dispose of deicing 
and anti-icing materials. The runoff controls are being implemented in phases, outlined in the 
new storm water and wash water discharge permit for de-icing and anti-iCing materials. 
Compliance for the Deicing permit is required and will follow the schedule set forth in the TMDL 
for the Columbia Slough. This TMOL requires discharges to the Slough to be in compliance 
with the numeric waste load allocations by the winter of 2003/2004. 

The schedule for implementation of the fully integrated anti-icing and deicing control system will 
follow the Option 2 schedule in the new storm water and wash water discharge permit for de
icing and anti-iCing materials. Meanwhile, POX deicing issues continue to be addressed by Port 
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environmental staff, a consultant team, the PDX co-permittees, DEQ, BES, and other regional 
committees. The deicing chemicals used at PDX are FAA approved. The pavement deicing 
chemicals used are sodium formate, potassium acetate, and magnesium chloride. A switch 
from potassium acetate to potassium formate is planned for the 1999-2000 winter season. 

The results from the 1998-1999 deicing projects were compiled and submitted to DEQ in the 
Annual Deicing and Anti-icing Management Report. The POX 1998/1999 Deicing/Anti-icing 
Management Reports are available for review from the Port or Elliot Zais of DEQ. 

The deicing studies slated for the 1999-2000 season are being developed by the Port deicing 
team and the Port's consultant. The 1999-2000 PDX deicing program will be documented in the 
Annual Runoff Control Plan due to DEQ on October 1, 1999. Many projects initiated last winter 
will be continued, including trench drain operation at concourses C-D and glycol collection, and 
deployment of two Glycol Recovery Vehicles (GRV). Other deicing management efforts include 
forced air deicing for aircrafts using a two step chemical application process for pavement 
deicers, adjusting aircraft deicing material mix ratios based on ambient temperatures (to be 
done by airlines), and researching new deicing technologies. 

Records of the deicing studies and projects are being maintained by PDX maintenance and Port 
environmental staff. Due to the extent of the projects, the amount of data, and the extensive 
coordination efforts, the PDX deicing information is maintained independently of the PDX 
SWPCP and storm water files. 

PDX Surface Repairs 
Roadway, surface repairs, and painting are conducted by PDX maintenance staff. PDX 
procedures for handling waste products and cleaning equipment continue to improve through 
careful storage, application, and disposal. New features of the PDX maintenance facility are 
being constructed to eliminate exposure of storm water and storm water runoff to potential 
contaminants. The construction project will be completed in the Fall of 1999 and includes 
extending the indoor equipment storage areas, building an equipment wash bay, building an 
unloading bay for sweeper and catch basin clean out debris, and installation of a toluene 
recovery system. Improved protocols and waste disposal procedures are documented in the 
PDX SWPCP. 

Property Maintenance 
Property Maintenance has recently developed a Storm Water Discharge BMP for several 
activities related to streets and vehicle maneuvering areas. For example, this BMP requires the 
cleanup of granular material, sand, and dirt from roadways, and prohibits vehicle washing, 
chemical mixing, and fueling operations in paved areas. 
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OM3 - Truck Hauling Practices 

BMP Description: 
Inform tenants and Port employees of City truck hauling practices. 

Status 

The Port operating area SWPCPs and maintenance standard operating procedures address 
vehicle operation and maintenance. The Port maintains a minimal fleet and transports small 
enough quantities of significant materials that the truck hauling practices do not apply. 

Implemented Activities 

Task 1 
The Port continues to maintain sound vehicle operation and maintenance practices. Vehicle 
maintenance performed by Port staff is conducted indoors. Scheduled maintenance is 
performed on Port vehicles in order to avoid off site breakdowns that could cause leaks and 
exposure of significant materials to storm water runoff. 

Properties maintenance trucks have been installed with metal trays to avoid any leaking of 
spilled materials during the transport of fertilizers and herbicides. Other landscaping materials 
are transported on Port property by trained professional landscape contractors hired by the Port. 

Task 2 
The Port will continue to distribute appropriate informational material (concerning trucking 
practices) made available by the City and others to relevant Port operating areas. 

IND1 - Industrial Control 

BMP Description: 
Develop a program to control the discharge of pollutants in the storm water system from 
existing and developing industries on Port property which are not already regulated by 
other NPDES requirements. 

Status 

The Port operating areas have been complying with the NPDES industrial storm water permits 
since they were issued by DEQ. Table 9 lists the Port tenants that have their own NPDES 
permits, and those that are complying with the storm water industrial regulations as co
permittees to the operating area permit. All tenants with ground leases, hangers, etc. are 
required to enter into stormwater use agreements. A sample stormwater use agreement is 
attached as Figure 9. 

Storm water controls and BMPs have been implemented at the Port operating areas in 
accordance with their SWPCP schedules, requirements of the municipal storm water program, 
and ESD or consultant recommendations. The following BMPs have been planned and/or 
implemented throughout the past permit year: 
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POX 
• New toluene recovery system to be installed for Fall 1999 
• New wash bay construction for maintenance equipment and vehicles to be completed in Fall 

1999 
• Storm inlets continue to be stenciled 
• Catch basin filters continue to be installed in POX maintenance area 
• Dewatering permit sampling and management practices finalized, and permit in effect 
• Erosion control training information distributed 
• Erosion control training meetings conducted each Fall 
• Tenant BMP committee formed and meetings conducted regularly 
• Maintenance staff storm water training sessions conducted each Fall 
• Airside operations training sessions conducted each Fall 
• Port fire department training sessions conducted each Fall 
• Dry season inspections conducted 
• "No Urea Policy" established, implemented, and enforced 
• "No Wash Policy" established, implemented, and enforced 
• New sweeper and catch basin waste containment system to be constructed for Fall 1999 
• BMP maintenance schedule developed and documented 
• Storm water training video developed and shown at tenant and POX staff training 
• Tenants installed wash pads for containment and disposal of vehicle and equipment 

washing 

Industrial Parks 
• Cooperated in the revegetation of large areas along the Columbia Slough 

PSY 
• Added new BMP for ship to shore transfer, consolidation, and management of hazardous 

materials 

Marine Terminals 
• Current equipment wash area at T-6 to be downsized and diverted to the sanitary sewer 

system in Fall 1999 
• Stenciled T -6 inlets along dock 
• Installed spill procedure labels into T-6 large equipment 
• Constructed a hazardous cargo storage area at T-6 for all containers with hazardous 

chemicals. Drainage can be shut off with nearby sluice control valves to prevent hazardous 
materials from entering the Columbia River in the event of a spill or leak 

• Conducted dry season inspections at all terminals 
• Conducted BMP monitoring 
• Developed catch basin inspection policy - expanding the number of catch basins inspected 
• Reduced mowing and chemical applications by planting native species in landscaped area 
• Developed new BMP inspection schedule and form 

Tenant Properties 
The Port Tenant Program will address storm water BMP implementation with all Port tenants 
that have the potential to impact Port storm water quality. The tenant survey and tenant 
meetings have been accomplished and are the first steps in the Program. One goal of the 
Tenant Program is to develop and implement management practices that will help reduce the 
amount of pollutants entering the storm water runoff from existing and developing Port tenant 
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properties. PDX conducted a tenant BMP meeting in Spring 1999. PDX also formed a BMP 
Committee that focuses on deicing and storm water BMPs for PDX and PDX tenants. 
Inspection walk-throughs are performed as part of property transactions. 

Under the aviation tenant program, tenants are required to sign Storm Water Use Agreements 
(Figure 9) to comply with the Port's storm water permit and pollution control plan. Tenants are 
also required to sign Construction Dewatering Agreements for construction projects that require 
dewatering, and Storage Tank Use Agreements for operation of above ground, underground, or 
mobile storage tanks. During lease negotiations, property inspection walk throughs are 
conducted and storm water permits and BMPs are discussed. 

The Marine Tenant Program was started this permit year. The Tenant Advisory Group formed a 
list of 13 BMPs to be completed by the year 2000. Two of the BMPs, storm water 
management/water quality and spill response, were completed this permit year. A newsletter is 
regularly distributed to tenants to inform them of environmental issues, including storm water. 
Environmental Enhancement Awards are awarded to tenants who make improvements in their 
storm water practices. 

Implemented Activities 

Task 1 
SARA Title III Section 313 facilities were identified through the Portwide tenant survey 
distribution and information compilation. The tenant survey was the first phase in the Storm 
Water Tenant Program. The survey information continues to be used in the development of the 
next phases of the Tenant Program: the Tenant Site Inspection, and Tenant Follow-up 
Programs. 

Task 2 
SARA Title III, Section 313 facility inspection procedures have been researched. No additional 
tasks were implemented in the 1998/1999 permit year. 

Task 3 
Marine properties currently conducts a number of tenant inspections. The inspections are 
multimedia and are conducted by Marine Properties and Environmental staff. The intent of the 
inspections is to work cooperatively with the tenants. Other Port operating areas may use the 
Marine inspection program as a model for developing a similar inspection program. The 
inspection procedures include prioritization of inspections, monitoring requirements, follow-up 
procedures, and documentation protocols. 

ILL 1 - Spill Prevention and Response Training 

BMP Description: 
Review required spill response procedures in each operating area. Refine procedures as 
necessary, including improving interagency collaboration. 

Status 

Spill prevention and response plans have been developed and implemented for PDX, T-6, and 
PSY. The Port operating areas have completed extensive spill training for relevant personnel. 
These operating areas (with the exception of PSY), at a minimum, conduct annual spill training. 
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PSY reports that all relevant personnel have received spill training, and, therefore, they did not 
conduct any additional training this year. The spill training dates and attendees are recorded in 
Table 10. The training emphasizes employee responsibility for preventing releases to the storm 
system or the receiving waters. 

POX, T-6, and PSY have also developed both stationary and mobile spill kits in order to respond 
to spills occurring at any location on the site. Marine properties purchased five new spill kits in 
Spring of 1998. These kits are intended for mobile use and will accompany maintenance 
workers as they move from terminal to terminal. 

Emergency response procedures have been established for POX, T-6, and PSY, and 
employees have been trained in the procedures. Spill response procedures are included in 
Figure 10. The Port has on call environmental response contractors for clean up and 
containment. The operating areas as well as ESO have compiled spill response phone lists. 
The ESO, POX, and Marine also operate 24-hour hotlines in order to respond to Port property 
spills at any time. 

Implemented Activities 

Task 1 
The Port will continue to partiCipate in City training events and attend the City's spill response 
task force meetings. 

Task 2 
Written materials regarding spills have been distributed at the spill response task force 
meetings, and have been shared with mangers from the operating areas. Any applicable future 
spill information from the task force meetings will be distributed to the operating area 
environmental personnel, as well as tenants during Tenant Program meetings. 

Task 3 
Operating area spill response plans have been updated and modified to include all storm water 
requirements as listed in the 1200-T and 1200-Z permits. Spill prevention and response plans 
will continue to be reviewed on a regular basis. 

Task 4 
The co-permittees complying with NPOES storm water industrial permits are required to develop 
facility spill prevention and response procedures. The tenant surveys provided information 
about which tenants have plans in place. Once the Port adopts tenant inspection and follow up 
procedures, tenant spill plans will be reviewed, if required. Any industrial tenants indicating that 
a spill plan has not been implemented will be contacted for site review and plan development 
guidance, once protocols are in place. 
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ILL2 - Control of Illicit Discharges 

BMP Description: 
Detect and control illicit connections and discharges to the storm water system. 

Status/Implemented Activities 

Task 1 
The written procedures for the Illicit Discharge Detection and Removal Program (IDDRP) Plan 
were finalized during the 1996/1997 permit year. The program is documented in the Port 
MSWMP, as well as in operating area environmental programs. The program contains the 
Port's procedures for enforcement of Port Ordinance 361 (Figure 11); dry season and wet 
season field screening; priority and schedule of major outfall inspections; and discharge 
sampling, tracking, and elimination. The IDDRP lists the Port's public, tenant, and employee 
awareness efforts and activities. Port spill prevention and response procedures are addressed 
as part of the IDDRP as required by 40 CFR 122.26 (d)(2)(iv)(8); however, the spill response 
procedures are maintained in separate documents located in the operating areas. The program 
description also discusses how priority outfalls were identified. 

Task 2 
The Port will continue to compile and review all relevant monitoring data for influence of non
storm water discharges. The operating areas, including Cascade General at PSY, are now 
responsible for conducting wet season runoff observations, dry season inspections, and monthly 
inspections of potential significant material leakage or spillage areas. These inspections, along 
with storm water sample collection and analysis, provide information to determine the presence 
of illicit discharges and their sources. Review of this year's industrial data supports the 
conclusion that there are no illicit discharges or connections to the Port's storm water system. 
Analysis of the storm data from the 1998/1999 permit year showed that 100 percent of the PDX 
sample results were below the 1200-T benchmarks. Approximately 86 percent of the T-6 and 
72 percent of the PSY data results were below 1200-Z benchmarks. It appears likely that storm 
water quality was not adversely impacted by non-storm water discharges. 

The data from the 1996 study and the results from the previous inspections (1991, 1993) were 
used to determine the Port priority outfalls and the schedule for dry season inspections for the 
remaining years of permit compliance. Priority outfalls are added to the list throughout the 
permit term based on new data or inspection results. Review of the previous years of inspection 
data indicates that most non-storm water discharges were not illicit discharges, but rather 
permissible discharges, as defined by 40 CFR 122.26 (d)(2)(iv)(8)(1). 

Task 3 
The IDDRP Plan contains a description of the 5-year dry season inspection schedule. The 
schedule and priority are based on review of the data from the 1996 season, information 
collected in the 1993 and 1991 dry season studies, land use designations, and the location of 
Significant material usage on Port properties. 

Table 13 contains the 4-year rotating schedule for Port outfall dry season inspections for 1997-
2000. The operating areas are currently using this schedule to dictate which outfalls they 
inspect each year through 2000. The outfalls that have been identified as priority outfalls are 
inspected every year. 
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Task 4 
The developed IDDRP was transferred to the operating areas for implementation and 
compliance responsibility. Program transfer occurred during Spring of 1997. The operating 
areas are responsible for the dry season screening observations, sampling, and investigation 
work. The observations and inspections are documented on forms specifically developed for 
the Port IDDRP. The completed observation forms are maintained in the operating area 
environmental files. The ESD reviews the information and compiles the dry season storm water 
outfall inspection observation table. 

For the 1998-1999 dry season, the operating areas inspected all priority outfalls in their 
jurisdiction, plus outfalls identified for inspection for the 1998 season. The dry season 
observation results for the 1998/1999 permit year have been compiled and are included as 
Table 14. PSY did not submit dry season inspection observations. If a non-storm water 
discharge is observed, the inspection team collects a sample, completes in field screening 
analysis, and conducts a follow-up investigation. Samples collected from a non-storm water 
discharge are analyzed for a list of parameters developed to help identify the source of the 
possible illicit discharge. Table 15 contains the sample results for the 1998 follow up work 
conducted. 

Task 5 
The Port continues to coordinate with the City and DEQ during illicit discharge investigations. 
The City's illicit discharge elimination program (IDEP) team and the Port continue to work 
closely, sharing observation and investigation results and information. 

Task 6 
The Port conducts follow-up actions when necessary. The follow-up and inspection procedures 
are documented in the IDDRP Plan. The Port intends to use Ordinance 361 to conduct tenant 
illicit discharge inspections and elimination of any discovered discharges when necessary. 

ILL3 - Employee Haz Mat Training 

BMP Description: 
Provide information to employees and tenants on where and how to properly dispose of 
oil, antifreeze, pesticides, paints, solvents, and other potentially harmful materials. 

Status 

The Port continues to coordinate with the City and Metro conceming distribution of hazardous 
materials training information to Port employees and tenants. 

The Port's Risk Management group has completed a Portwide inventory of all hazardous 
materials used throughout Port operated properties. 

Implemented Activities 

Task 1 
The Port will continue to distribute relevant hazardous waste information obtained from the City 
and Metro to the Port operating areas. The Tenant Program will provide a means of distributing 
the Haz Mat training information to Port tenants during training and awareness meetings. 
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POX environmental staff and the POX maintenance group have worked together to improve 
maintenance staff awareness of proper handling, storage, and disposal of hazardous wastes. A 
number of improved waste disposal practices have been developed and incorporated into POX 
maintenance protocols. For example, a toluene recovery system is being built to separate 
hazardous waste constituents (toluene) from paint, to allow for proper recycling and disposal of 
paint. The POX hazardous waste storage area will also be updated. The structural changes to 
the building will provide even greater protection from a release of hazardous materials. 

ILL4 - Illegal Dumping 

BMP Description: 
Reduce the potential for illegal dumping through active property management. 

Status 

Response to illegal dumping problems has varied depending on the area of the problem. 
However, Port operating areas have implemented procedures for dealing with abandoned 
waste. The Port methods of abandoned waste removal described below continue to be 
effective management practices. 

Implemented Activities 

Task 1 
Any abandoned solid waste material is removed from Port property and, depending on whether 
the waste is hazardous or non-hazardous, disposed of by an environmental contractor or by the 
regular disposal company, respectively. Port staff completes many of the illegal dumping clean 
ups independently; however, if there is a question about the potential nature of the material, an 
environmental contract firm is called. Philip Environmental or Foss Environmental characterize 
the waste. If it is hazardous the environmental contractor removes the waste to the USA Waste 
SeNices landfill in Hillsboro. 

Task 2 
Where possible, fences and locked gates have been constructed to prevent illegal dumping. In 
some areas it is not possible to block entrances to the Port property, so signs and warnings 
against illegal dumping have been posted. The Port landscaping crew, along with operating 
area maintenance personnel, continuously look for abandoned wastes and respond to 
incidences as quickly as possible. 

Task 3 
The Port continues to coordinate with OEQ concerning illegal dumping of hazardous waste on 
Port properties. If hazardous waste is found on Port property, a permit must be obtained from 
OEQ before the waste can be disposed of at the hazardous waste landfill in Hillsboro. Non
hazardous waste is disposed of by the Port. Illegal dumping is also addressed in the City led 
ILL 1 spill response task force meetings regularly attended by Port personnel. 
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ND1 - Erosion and Sediment Control 

BMP Description: 
Apply practical erosion, sediment and other controls to reduce all pollutant discharges at 
construction sites associated with properties being developed by the Port. 

Status/ Implemented Activities 

Task 1 
The 1200-CA permit was issued to the Port in the Fall of 1997. The permit covers Portwide 
construction activities. For Port construction projects of 5 acres or larger, the Port engineer, 
together with the construction contractor, compiles an erosion control plan based on the 1200-
CA requirements and the Port's specifications for erosion control. The erosion control plan is 
reviewed and approved by BES, as well as Port staff. The Port also requires that erosion 
control plans be submitted for construction projects with less than 5 acres of soil disturbance. 
The erosion control plans, for the smaller projects, are reviewed by the Port engineering staff, 
as well as ESO. 

The operating areas continue to conduct erosion control training sessions with Port engineers 
and Port construction inspectors. The training slides and overhead materials are maintained in 
the Port MSWMP for use in annual construction inspector training. Erosion control training this 
permit compliance year was conducted in November of 1998. The operating areas have 
distributed erosion control and dewatering information to the relevant Port construction 
employees. The forms to be used during erosion control and dewatering site inspections are 
included as Figures 12 and 13, respectively. 

Erosion control compliance was also addressed in the Portwide tenant meetings. Tenants on 
Port property that are disturbing 5 acres or more during a construction project are required to 
obtain a 1200-C NPOES construction permit from BES. Tenant erosion control plans are 
reviewed by BES prior to project onset. Port staff also review tenant erosion control plans 
before construction begins. 

Task 2 
OEQ issued a Dewatering Permit to the Port. The permit allows construction dewatering 
discharges into the POX/PIC storm water system with eventual discharge to the Columbia 
Slough. The ESD and POX environmental staff have worked together to develop permit 
compliance procedures. POX environmental staff are in charge of dewatering sampling, data 
compilation, and report submission for POX projects. The ESD provides technical oversight and 
assistance. The ESO is responsible for managing dewatering projects that occur on PIC 
property. Tenant construction projects are included in the dewatering permit compliance work 
and are managed by both POX staff and ESO. 

Dewatering permit compliance procedures include submission of a contractor dewatering plan 
to ESO and POX. The plan is reviewed and approved by ESO. For tenant projects, a 
dewatering agreement is written and signed by the Port and the tenant. Dewatering samples 
are collected before any initial discharge occurs. The initial sample is analyzed for chemical 
oxygen demand (COD), total suspended solids (TSS), turbidity, volatile organic compounds 
(VOCs), total petroleum hydrocarbons, pH, and BETX (benzene, toluene, ethylbenzene, and 
xylenes). Based on the sampling results, the discharge is treated or discharged to the system. 
For Port projects, the discharge is sampled monthly at the point of discharge to the Slough. For 
tenant projects, the discharge is monitored twice monthly, once at the end of the discharge pipe 
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and once at the point of discharge to the Slough. Data is submitted monthly to DEQ as required 
by the dewatering permit. 

Dewatering procedures have been drafted for Portwide construction projects. The Port 
Municipal Permit allows the discharge of "pumped uncontaminated ground water" into the storm 
system. Construction discharges typically fall into the category of a permissible discharge to the 
storm system. Before discharging to the storm water system, laboratory analyses and visual 
observations must be conducted and documented to determine if the discharges are 
uncontaminated. The PDX construction dewatering permit contains benchmarks to determine 
contamination, and monitoring and reporting requirements for each construction scenario. 

The operating areas have completed training of staff concerning dewatering issues and 
monitoring requirements. Dewatering specifications have been compiled for inclusion in Port 
construction bid packages. Port construction inspectors completed training in November 1998 
regarding implementation of the new dewatering specifications. A copy of the dewatering 
specifications is included as Figu re 14. 

STR1 - Structural Water Quality Facilities 

BMP Description: 
When warranted and appropriate, based on available water quality monitoring data, the 
Port will develop procedures for construction, maintenance, and monitoring of water 
quality facilities. 

Status 

The Port continues to participate in, and contribute to, water quality projects designed to 
improve the water quality of the Port and urban jurisdiction storm water runoff. 

Implemented Activities 

Task 1 
The Port has been involved in several water quality improvement projects including the 
Leadbetter and Rivergate water quality facilities, the capture and treatment of PSY dry dock 
storm water runoff, the sampling and analysis of the deicing runoff at PDX, and the treatment of 
the PDX new Economy parking lot runoff. These projects were described in the 1996 annual 
report to DEQ. 

Task 2 
Storm water structural BMPs continue to be implemented as needed. The recently 
implemented Storm Water Discharge BMP in the Marine Tenant Program, for example, calls for 
fueling, manufacturing, treatment, storage, and disposal areas to be covered to prevent the 
exposure of potential pollutants to storm water. Also stressed in this BMP is the need for 
structures that will divert storm water away from these areas. 

Several water quality structures have been created during the 1998/1999 permit compliance 
year. There are presently 170 catch basins being maintained at T-6, and an estimated 20 filters 
were replaced during the year. A number of tenants have installed wash pads. The pads will 
prevent any pollutants from vehicle and aircraft washing from impacting the storm water runoff. 
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Please see the list of BMPs implemented in each operating area during the 1998/1999 
compliance year in the Industrial Control BMP discussion above. The monitoring data from the 
storm water industrial permit compliance efforts indicates the success of these management 
practices. 

IGC1 - Inter-Governmental Coordination 

BMP Description: 
Continue Port coordination with applicable agencies working on regulatory aspects of 
water quality protection including watershed management, combined sewer overflows, 
solid waste and recycling, and industrial waste source control. Cooperate with agencies 
to implement new source or non-source control practices where water quality data 
indicate the need for storm water quality improvements. 

Status 

The Port is actively involved with a variety of environmental agencies and programs including: 
the Portland Harbor Cleanup, the Bi-State Task Force, the Lower Columbia Estuary Program, 
the Columbia Slough Watershed Council, neighborhood associations, Oregon Association of 
Clean Water Agencies, Department of Agriculture, Columbia Corridor Association, Oregon 
Department of Transportation, American Association of Airport Executives, Air Waste 
Management Association, Metro Water Resources Policy Advisory Committee, Clean Rivers 
Coalition, Willamette Restoration Initiative, Willamette Urban Endangered Species Act (ESA) 
Coordination Group, and DEQ technical advisory committees. 

Implemented Activities 

Task 1 
The Port continues to coordinate with other government agencies on water quality protection 
activities relevant to Port properties and activities. The Port has participated in coordinated 
efforts in a number of pollution control projects, including the Rivergate wetlands. The Port has 
also participated in the ILL1 Spill Response Task Force meetings and municipal storm water 
compliance co-permittee meetings. 

To comply with the existing municipal storm water NPDES permit and the new Slough TMDLs, 
as well as to assist with Slough revitalization, Port staff have been working with the City of 
Portland Bureau of Environmental Services (BES) for over a year to identify practical joint 
Columbia Slough revitalization efforts. Three actions were recommended and will be 
implemented in 1999/2000 as a result of these discussions: revegetation of Port property along 
the Columbia Slough and adjacent sloughs; cost sharing in Slough monitoring required by the 
municipal NPDES permit, and cost sharing in monitoring required by the Slough TMDLs. 

The Port also helped prepare the Marine Department Riverbank Management Plan. The Port is 
also in the process of developing a Portwide program to address ESA compliance issues. This 
begins as a review of operational and engineering practices (including storm water) to assure 
there is not an adverse impact to endangered or threatened species. Findings will provide 
information so that modifications can be made to assure adequate controls are in place. 
Potential changes to storm water quality programs are being evaluated in order to improve 
water quality for endangered species and increase protection and restoration of fish and wildlife 
habitat. 

\\POR1\SHAREO\PROJ951955059NYlAnnIRpt\9B-99dataIANRPT99-4.doc 20 
08124/99 

NWMAR118717 



Task 2 
The Port tenants located in the industrial parks and the marine terminals are required to obtain 
storm water permits either as a co-permittee with the Port or separately. Most of the tenants 
located at POX are covered under the Port's storm water industrial permit as co-permittees. 
The co-permittees are required to comply with the permit requirements and the BMPs 
established in the POX SWPCP. The tenants located at PSY are co-permittees on the Cascade 
General 1200-Z permit. All tenants with permits and all co-permittees are listed in Table 9. 

The Port works cooperatively with the City's Industrial Storm Water Team sharing information 
concerning tenant industrial activity, drainage areas, and outfalls. The team's objective is to 
bring all regulated industries in the urban services boundary into compliance with the storm 
water regulations. 

Task 3 
The monitoring data collected for Port storm water industrial permit compliance are included in 
Tables 3-8. Evaluation of the data indicates that the BMPs in place are effective at reducing 
pollutants in the storm water runoff. 

One intent of the BMP monitoring program is to understand in-field effectiveness of commonly 
used storm water BMPs. Information from this year's monitoring indicates the need for re
evaluation of the BMP effectiveness monitoring program. The sampling instructions will be 
revised to reflect the modification, and staff will be trained in the new procedures. 

M1 - Water Quality Monitoring 

BMP Description: 
The Port will monitor storm water to characterize typical discharges from the Port's 
municipal system. 

Status 

The Port Storm Water Monitoring Program was updated and submitted to OEQ in April of 1998. 
The completed program components include storm water sample collection and analysis for 
industrial compliance, storm water wet season visual observations, dry season observations 
and sampling, and BMP effectiveness monitoring. The other components of the monitoring 
program that were discussed in the submitted plan include deicing monitoring, tenant 
monitoring, program analysis and effectiveness, and sample collection instructions. 

Storm water sampling accomplished by the Port during the 1998/1999 compliance year includes 
industrial runoff sampling, deicing sampling, and BMP effectiveness monitoring. 

Implemented Activities 

The industrial storm water samples where collected from representative outfalls at POX, T-6, 
and PSY. The sample analysis represents runoff water quality from a wide range of industrial, 
commercial, and transportation activities on Port property. The Port storm water Industrial 
Permit compliance data are presented in Tables 3-8. Tables 6-8 contain the sampling analysis 
results for the grab samples collected at T-6, POX, and PSY, respectively. Tables 3-5 list 
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calculated pollutant load estimates for the sampled outfalls and storms. The calculations were 
based on the Rational Method (Q = CIA). 

The Port samplers were provided with binders that contained detailed sampling instructions, 
forms for sample event documentation, and specific site sampling details. A copy of the form 
developed for use during sampling to record the required information is included as Figure 15. 
Information from this year's monitoring indicates the need for revision of the BMP effectiveness 
monitoring program. The sampling instructions will be revised to reflect the modification. Staff 
will be trained in the new procedures, and the MSWMP will be amended. 

The T-6 samples were collected before and after treatment through an oil water separator at the 
new fuel island. The oil water separator model 660-CPS was selected for the treatment and flow 
rate capacity. The data for this permit year are included as Table 1. 

The POX samples were collected upstream of two catch basin inlet filters and then down pipe, 
after filtration. The filters installed are called "Stream Guard" and are designed to remove 
sediment and oils. Sampling was performed on three different dates. A summary data table is 
included as Table 2. 

The final BMP is a "Stormceptor" unit at a tenant facility on PIC property. The "Stormceptor" 
unit is located upstream of the outfall to the Columbia Slough. The outfall is a tenant-owned 
and permitted outfall. The tenant is cooperating with the Port's storm water monitoring efforts. 
However, no BMP monitoring, set forth in the MSWMP, was conducted at PIC this year. 
Instead, the Port redirected its efforts to discussing with the City ways to support their 
monitoring efforts for municipal storm water monitoring as well as TMOL monitoring to be 
implemented next year. The result of these discussions will be an intergovernmental agreement 
(IGA) that will be implemented in 1999-2000. 

Although several BMP effectiveness samples have been collected in the last two permit years, 
monitoring procedures need to be re-evaluated. Measuring flow into the BMPs has been 
particularly problematic, and new methods need to be devised to quantify inflow to allow 
accurate estimation of pollutant removal effectiveness. 

The municipal regulations require sampling to be completed to represent various urban land 
uses within the permit jurisdiction. The City of Portland's municipal sampling program 
accomplishes this portion of the regulatory requirement. Port collection of municipal land use 
samples would be a duplication of effort. The OEQ has agreed that the Port is not required to 
conduct independent municipal land use storm water monitoring, provided that the Port either 
redirects its resources or supports the City's monitoring. The Port will be implementing both 
conditions in the 1999/2000 permit year. 
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LM1 - Landscape Maintenance Practices 

BMP Description: 
Review landscaping maintenance practices. Recommend the use of vegetation which 
reduces the need for pesticides, herbicides, fertilizers, and water where practical. 

Status 

The Port works with the City to provide landscaping information to the Properties Maintenance 
crews. Properties Maintenance crews attend local agency meetings and have been working 
with the Department of Agriculture on vegetation management. Properties Maintenance crews 
also work with the Portland Parks and Recreation Department to stay current on pesticide 
application licensing requirements, regulations, and techniques. 

All chemical applications on Port property are conducted by licensed applicators. All chemicals 
are used according to manufacturers' instructions. 

Implemented Activities 

The environmental staff at each of the operating areas is responsible for input and review of 
chemical applications in their respective jurisdictions. ESD continues to provide guidance to the 
operating areas on landscaping issues. 

The Port Industrial Properties Maintenance crew is responsible for the landscaping and 
maintenance of Port industrial properties as well as the marine terminals. This crew 
incorporates an integrated pest management approach to landscaping. A variety of techniques, 
including biological controls and altemative plant selection, are used to minimize chemical 
applications on Port property. Also, intensive field surveys are conducted to accurately assess 
pest conditions, and thus limit unnecessary chemical applications. 

The Industrial Properties Maintenance crew plays an active role in wetland mitigation. The crew 
was involved in three wetland mitigation projects in the fall of 1998, including the planting and 
maintenance of wetland vegetation at Marine Terminals 4,5, and 6. 

A Properties Maintenance BMP has been developed relating to storm water discharge. This 
BMP outlines a standard operating procedure aimed at minimizing pollution entering storm 
water. Several activities are addressed in this BMP, including chemical spill responses and 
landscape construction practices. The Properties Maintenance crew, for example, is required to 
clean up all liquid herbicide spills on roadways, remove turf edgings from roadways, and 
implement appropriate erosion control measures in landscape construction. 

IIPOR1ISHAREDIPROJ951955059NYlAnnIRptI98-99dataIANRPT99-4.doc 23 
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Table 1 

BMP Effectiveness Monitoring Data 
Terminal 6 
Oil Water Separator 660 - CPS 

Parameter Sample Date 

TSS (mg/L) 8/18/98 
IpH 8/18/98 
Oil & Grease (mg/L) 8/18/98 
TPH polar (mg/L) 8/18/98 
TPH non- polar (mg/L) 8/18/98 
Benzene (ug/L) 8/18/98 
Toluene (ug/L) 8/18/98 
Ethylbenzene (ug/L) 8/18/98 
Xylenes (ug/L) 8/18/98 
TSS (mg/L) 5/18/99 
pH 5/18/99 
Oil & Grease (mg/L) 5/18/99 
TPH polar (mg/L) 5/18/99 
TPH non- polar (mg/L) 5/18/99 
Benzene (ug/L) 5/18/99 
Toluene (ug/L) 5/18/99 
Ethylbenzene (ug/L) 5/18/99 
Xylenes (ug/L) 5/18/99 

Results 
Inlet Pipe 

77.0 
5.90 
420 
89.2 
331 
NO 

0.975 
NO 
7.62 
708 
7.0 
434 
94.2 
340 
NO 
NO 
NO 
NO 

Results inlet pipe = before treatment through sepC!.rator 
Results outlet pipe = after treatment through separator 
NA = not applicable 
NO = below the laboratory detection limit 

S:/proj95/955059ny/AnnIRptl98·99datalbmpt699.xls 8/23/99 

Results 
Outlet Pipe Method Detection Limit 

NO EPA 160.2 10.0 
NA NA NA 
NO EPA 1664 5.00 

NAw/NO EPA 1664 NA 
NAw/NO EPA 1664 5.00 

NO EPA 8020A 0.500 
NO EPA 8020A 0.500 
NO EPA 8020A 0.500 
NO EPA 8020A 1.00 
18.0 EPA 160.2 10.0 
NA NA NA 
NO EPA 1664 5.00 

NAw/NO EPA 1664 NA 
NAw/NO EPA 1664 5.00 

NO EPA 8020A 0.500 
NO EPA8020A 0.500 
NO EPA 8020A 0.500 
NO EPA 8020A 1.00 

NWMAR 118722 



Table 2 

BMP Effectiveness Monitoring Data 
Portland International Airport, Maintenance Facility 
Catch Basin Inlet Filters - IStreamGuard" Type 11-0 

Results 
Parameter Sample Date Inlet 1 

TSS (mg/L) 7/30/98 29.0 
pH 7/30/98 6.0 
Oil & Grease (mg/L) 7/30/98 NO 
TPH polar (mg/L) 7/30/98 NA 
TPH non-polar(mg/L) 7/30/98 NA 
Cadmium (mg/L) 7/30/98 0.00500 
Lead (mg/L) 7/30/98 0.0170 
Nickel (mg/L) 7/30/98 NA 
Zinc (mg/L) 7/30/98 0.725 
TSS (mg/L) 1/28/99 60.0 
pH 1/28/99 7.3 
Oil & Grease (mg/L) 1/28/99 6.23 
TPH polar (mg/L) 1/28/99 2.92 
TPH non-polar (mg/L) 1/28/99 NO 
Cadmium (mg/L) 1/28/99 NO 
Lead (mg/L) 1/28/99 0.00720 
Nickel (mg/L) 1/28/99 NO 
Zinc (mg/L) 1/28/99 0.0495 
TSS (mg/L) 6/20/99 23.0 
pH 6/20/99 8.3 
Oil & Grease (mg/L) 6/20/99 NO 
TPH polar (mg/L) 6/20/99 NA 
TPH non-polar (mg/L) 6/20/99 NA 
Cadmium (mgLLl 6/20/99 0.00260 
Lead (mg/L) 6/20/99 0.0178 
Nickel (mg/L) 6/20/99 0.00860 
Zinc (mg/L) 6/20/99 0.179 

Results 
Inlet 2 

60.0 
5.1 
NO 
NA 
NA 

0.00600 
0.0165 

NA 
0.990 
33.0 
6.9 

5.75 
3.40 
NO 
NO 

0.00800 
NO 

0.0370 
21.0 
7.3 
NO 
NA 
NA 
NO 

0.00640 
0.00210 
0.0485 

Results inlet 1 and inlet 2 = before treatment through filters 
Results outlet manhole = after treatment through filters 
NA = not applicable 
NO = below the laboratory detection limit 

s;/proj95/955059ny/AnnIRptl98-99data/port-pdx99.xls 8/23/99 

Results Detection Limit Detection Limit 
Outlet Method for Inlets 1 & 2 for Outlet 

16.0 EPA 160.2 10.0 10.0 
5.8 NA NA NA 
NO EPA 1664 5.00 5.00 
NA EPA 1664 NA NA 
NA EPA 1664 NA NA 

0.0195 EPA 6020 0.00500 0.00500 
0.0100 EPA 6020 0.00500 0.00500 

NA NA NA NA 
1.40 EPA 6020 0.150 1.150 
NO EPA 160.2 10.0 10.0 
7.1 NA NA NA 
NO EPA 1664 5.00 5.00 
NA EPA 1664 NA NA 
NA EPA 1664 5.00 NA 
NO EPA 200.8 0.00400 0.00100 

0.00230 EPA 200.8 0.00400 0.00100 
NO EPA 200.8 0.00800 0.00200 

0.151 EPA 200.8 0.0250 0.00500 
NO EPA 160.2 10.0 10.0 
7.2 NA NA NA 
NO EPA 1664 5.00 5.00 
NA EPA 1664 NA NA 
NA EPA 1664 NA NA 
NO EPA 6020 0.00100 0.00100 

0.00310 EPA 6020 0.00100 0.00100 
0.00210 EPA 6020 0.00200 0.00200 

0.356 EPA 6020 0.00500 0.00500 

NWMAR 118723 
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TABLE 3 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
TERMINAL 6 (T-6) 

LOAD CALCULATIONS BASED ON Q=CIA 

Location Outfall Date Pollutant 

T-6 Man hole 1 10/12/98 TSS 
T-6 Man hole 1 10/12/98 Oil & Grease 
T-6 Manhole 1 10/12/98 Copper 
T-6 Man hole 1 10/12198 Lead 
T-6 Man hole 1 10/12198 Zinc 
T-6 Man hole 1 5/18/99 TSS 
T-6 Man hole 1 5/18/99 Oil & Grease 
T-6 Man hole 1 5/18/99 Copper 
T-6 Man hole 1 5/18/99 Lead 
T-6 Man hole 1 5/18/99 Zinc 
T-6 Man hole 2 10/12/98 TSS 
T-6 Man hole 2 10/12/98 Oil & Grease 
T-6 Man hole 2 10/12/98 Copper 
T-6 Man hole 2 10/12/98 Lead 
T-6 Man hole 2 10/12/98 Zinc 
T-6 Man hole 2 5/18/99 TSS 
T-6 Man hole 2 5/18/99 Oil & Grease 
T-6 Man hole 2 5/18/99 Copper 
T-6 Man hole 2 5/18/99 Lead 
T-6 Man hole 2 5/18/99 Zinc 

ND=Non Detect, below laboratory detection limit 
s:/proj95/955059ny/AnnIRptl98-99dalaff6Ioad99.xls 

Amount 
(mgll) 

155 
NO 

0.0313 
0.107 
0.574 

49 
NO 

0.0318 
0.0923 
0.615 

19 
NO 

0.0112 
0.0105 
0.0901 

36 
NO 

0.0231 
0.0123 
0.101 

Runoff 
co- Area Runoff 

efficient Intensity *A quantity Q Cubic 
C I (in.lhr.) (acres) (cu. ft.lsec.) feet 

0.9 0.013 60.3 0.684 59100.03 

0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.004 60.3 0.228 19700.01 

0.9 0.004 60.3 0.228 19700.01 
0.9 0.004 60.3 0.228 19700.01 
0.9 0.004 60.3 0.228 19700.01 

0.9 0.013 60.3 0.684 59100.03 

0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.004 60.3 0.228 19700.01 

0.9 0.004 60.3 0.228 19700.01 
0.9 0.004 60.3 0.228 19700.01 
0.9 0.004 60.3 0.228 19700.01 

'. ~ ~' 

Volume Load 
liters mg 

-
1673712.8 2.59E+08 

1673712.8 52387.21 
1673712.8 179087.3 
1673712.8 960711.2 
557904.28 27337310 

557904.28 17741.36 
557904.28 51494.57 
557904.28 343111.1 

1673712.8 31800544 

1673712.8 18745.58 
1673712.8 17573.98 
1673712.8 150801.5 
557904.28 20084554 

557904.28 12887.59 
557904.28 6862.223 
557904.28 56348.33 
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TABLE 3 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
TERMINAL 6 (T-6) 

LOAD CALCULATIONS BASED ON Q=CIA 

Location Outfall Date Pollutant 

T-6 Man hole 3 10/12/98 TSS 
T-6 Man hole 3 10/12198 Oil & Grease 
T-6 Man hole 3 10/12198 Copper 
T-6 Man hole 3 10/12198 Lead 
T-6 Man hole 3 10/12198 Zinc 
T-6 Man hole 3 5/17/99 TSS 
T-6 Man hole 3 5/17/99 Oil & Grease 
T-6 Man hole 3 5/17/99 Copper 
T-6 Man hole 3 5/17/99 Lead 
T-6 Man hole 3 5/17/99 Zinc 
T-6 Man hole 4 5/17/99 TSS 
T-6 Man hole 4 5/17/99 Oil & Grease 
T-6 Man hole 4 5/17/99 Copper 
T-6 Man hole 4 5/17/99 Lead 
T-6 Man hole 4 5/17/99 Zinc 

--

ND=Non Detect, below laboratory detection limit 
s:/proj95/955059ny/AnnIRpV98-99dataIT6Ioad99.xls 

Amount 
(mgll) 

337 
1.32 

0.0816 
0.255 
0.975 

54 
NO 

0.207 
0.103 
0.623 
NO 
NO 

0.00460 
0.00150 

,--~.0637 __ ~ 

Runoff 
co- Area Runoff 

efficient Intensity *A quantity Q Cubic 
C I (in.lhr.) (acres) (cu. ft.lsec.) feet 

0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.013 60.3 0.684 59100.03 
0.9 0.021 60.3 1.140 98500.05 

0.9 0.021 60.3 1.140 98500.05 
0.9 0.021 60.3 1.140 98500.05 
0.9 0.021 60.3 1.140 98500.05 

0.9 0.021 45 0.851 73507.5 
0.9 0.021 45 0.851 73507.5 
0.9 0.021 45 I 0.851 73507.5 

--

;,1\' 

Volume Load 
liters mg 

1673712.8 5.64E+08 
1673712.8 2209301 
1673712.8 136575 
1673712.8 426796.8 
1673712.8 1631870 
2789521.4 1.51E+08 

2789521.4 577430.9 
2789521.4 287320.7 
2789521.4 1737872 

2081732.4 9575.969 
2081732.4 3122.599 
2Q8173~.4_ L132606.4 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 

Runoff 
co- Runoff 

Amount efficient Intensity Area quantity Q 
Location Outfall Date Pollutant (mg/l) C I (in.lhr.) *A (acres) (cu. fUsec.) 

POX Basin 1 11/15/98 COO 21.5 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 TSS 10.0 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 Oil & Grease 0.321 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 Phosphorus 0.230 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 TOC NO 
POX Basin 1 11/15/98 Arsenic 0.00130 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 Cadmium NO 
POX Basin 1 11/15/98 Chromium NO 
POX Basin 1 11/15/98 Copper 0.00420 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 Lead 0.00100 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 Mercury NO 
POX Basin 1 11/15/98 Nickel 0.00240 0.225 0.009 1029 2.043 
POX Basin 1 11/15/98 Zinc 0.0430 0.225 0.009 1029 2.043 
POX Basin 1 6/7/99 COO 15.8 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 TSS 43.0 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 Oil & Grease NO 
POX Basin 1 6/7/99 Phosphorus NO 
POX Basin 1 6/7/99 TOC 9.34 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 Arsenic 0.00200 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 Cadmium NO 
POX Basin 1 6/7/99 Chromium NO 
POX Basin 1 6/7/99 Copper 0.00820 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 Lead 0.00100 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 Mercury NO 
POX Basin 1 6/7/99 Nickel 0.0114 0.225 0.007 1029 1.556 
POX Basin 1 6/7/99 Zinc 0.0666 _,-_~12~ 0.007 1029 _ 1.556 

--

Basin 1 outfall = M002 
'Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO=Non Detect. below laboratory detection limit. 
s:/proj95/955059ny/AnnIRpI/98-99dataJPdxload99.xls 8/16/99 :,' I ,,' ' " 

Cubic 
feet 

176491.5 
176491.5 
176491.5 
176491.5 

176491.5 

176491.5 
176491.5 

176491.5 
176491.5 
134469.7 
134469.7 

134469.7 
134469.7 

134469.7 
134469.7 

134469.7 
134469.7 

---- ----.--

I 

I 

I 
I 

Volume Load 
I 

liters mg 
4998239.5 107462149 
4998239.5 49982395 
4998239.5 1604435 
4998239.5 1149595 

4998239.5 6498 

4998239.5 20993 
4998239.5 4998 

4998239.5 11996 
4998239.5 214924 
3808182.5 60169283 
3808182.5 163751846 

3808182.5 35568424 
3808182.5 7616 

--
3808182.5 31227 
3808182.5 3808 

3808182.5 43413 
3808182:~ '- 253625 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 
Runoff 

co- Runoff 
Amount efficient Intensity Area quantity Q 

Location Outfall Date Pollutant (mglJ) C I (in.lhr.) *A (acres) (cu. ft.lsec.) 

POX Basin 2 11/15/98 COD 15.1 0.525 0.009 250 1.158 
POX Basin 2 11/15/98 TSS NO 
POX Basin 2 11/15/98 Oil & GreasE 0.785 0.525 0.009 250 1.158 
POX Basin 2 11/15/98 Phosphorus 0.126 0.525 0.009 250 1.158 
POX Basin 2 11/15/98 TOC NO 
POX Basin 2 11/15/98 Arsenic NO 
POX Basin 2 11/15/98 Cadmium NO 
POX Basin 2 11/15/98 Chromium 0.00100 0.525 0.009 250 1.158 
POX Basin 2 11/15/98 Copper 0.00750 0.525 0.009 250 1.158 
POX Basin 2 11/15/98 Lead 0.00130 0.525 0.009 250 1.158 
POX Basin 2 11/15/98 Mercury NO 
POX Basin 2 11/15/98 Nickel NO 
POX Basin 2 11/15/98 Zinc 0.0639 0.525 0.009 250 1.158 
POX Basin 2 6/7/99 COD 24.0 0.525 0.007 250 0.882 
POX Basin 2 6/7/99 TSS 14.0 0.525 0.007 250 0.882 
PDX Basin 2 6/7/99 Oil & GreasE 1.35 0.525 0.007 250 0.882 
POX Basin 2 6/7/99 Phosphorus NO 
POX Basin 2 6/7/99 TOC 12.0 0.525 0.007 250 0.882 
PDX Basin 2 6/7/99 Arsenic 0.00160 0.525 0.007 250 0.882 
PDX Basin 2 6/7/99 Cadmium NO 
POX Basin 2 6/7/99 Chromium 0.00120 0.525 0.007 250 0.882 
POX Basin 2 6/7/99 Copper 0.0142 0.525 0.007 250 0.882 
PDX Basin 2 6/7/99 Lead 0.00380 0.525 0.007 250 0.882 
PDX Basin 2 6/7/99 Mercury NO 
PDX Basin 2 6/7/99 Nickel 0.00210 0.525 0.007 250 0.882 
POX Basin 2 6/7/99 Zinc 0.0755 0.525 0.007 250 0.882 

Basin 2 outfall = MDD3 
'Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
s:/proj95/955059ny/AnnIRpI/98-99data/Pdxload99.xls 8/16/99 ., 

Cubic 
feet 

100051.9 

100051.9 
100051.9 

100051.9 
100051.9 
100051.9 

100051.9 
76230 
76230 
76230 

76230 
76230 

76230 
76230 
76230 

76230 
76230 

Volume Load 
liters mg 

2833469.1 42785383.41 

2833469.1 2224273.244 I 
2833469.1 357017.1066 : 

2833469.1 2833.4691 
2833469.1 21251.01825 
2833469.1 3683.50983 

2833469.1 181058.6755 
2158833.6 51812006.4 
2158833.6 30223670.4 
2158833.6 2914425.36 

2158833.6 25906003.2 
2158833.6 3454.13376 

2158833.6 2590.60032 
2158833.6 30655.43712 
2158833.6 8203.56768 

2158833.6 4533.55056 
2158833.6 162991.9368 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND INTERNATIONAL AIRPORT (PDX) 

LOAD CALCULATIONS BASED ON Q=CIA 
Runoff 

co- Area Runoff 
Amount efficient Intensity *A quantity Q 

Location Outfall Date Pollutant (mgll) C I (in.lhr.) (acres) (cu. ft.lsec.) 

POX Basin 4 11/15/98 COD 5.77 0.525 0.009 49 0.227 
POX Basin 4 11/15/98 TSS 414 0.525 0.009 49 0.227 
POX Basin 4 11/15/98 Oil & Grease 0.820 0.525 0.009 49 0.227 
POX Basin 4 11/15/98 Phosphorus 0.0908 0.525 0.009 49 0.227 
POX Basin 4 11/15/98 TOC NO 
POX Basin 4 11/15/98 Arsenic NO 
POX Basin 4 11/15/98 Cadmium NO 
POX Basin 4 11/15/98 Chromium NO 
POX Basin 4 11/15/98 Copper 0.00450 0.525 0.009 49 0.227 
POX Basin 4 11/15/98 Lead NO 
POX Basin 4 11/15/98 Mercury NO 
POX Basin 4 11/15/98 Nickel NO 
POX Basin 4 11/15/98 Zinc 0.0757 0.525 0.009 49 0.227 
POX Basin 4 60/99 COD 34.6 0.525 0.007 49 0.173 
POX Basin 4 6/7/99 TSS 25.0 0.525 0.007 49 0.173 
POX Basin 4 60/99 Oil & Grease 1.46 0.525 0.007 49 0.173 
POX Basin 4 60/99 Phosphorus NO 
POX Basin 4 6/7/99 TOC 17.4 0.525 0.007 49 0.173 

.-

POX Basin 4 6/7/99 Arsenic 0.00290 0.525 0.007 49 0.173 
POX Basin 4 60/99 Cadmium NO 
POX Basin 4 60/99 Chromium 0.00140 0.525 0.007 49 0.173 
POX Basin 4 6/7/99 Copper 0.0260 0.525 0.007 49 0.173 
POX Basin 4 60/99 Lead 0.00350 0.525 0.007 49 0.173 
POX Basin 4 60/99 Mercury NO 
POX Basin 4 60/99 Nickel 0.00500 0.525 0.007 49 0.173 
POX Basin 4 60/99 Zinc 0.0949 0.525 0.007 __ 49~_ 0.173 

.. ----~-~-- .. -

Basin 4 outfall = SS03PP 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO=Non Detect, below laboratory detection limit.; 
s:/proj95/955059ny/AnnIRptl98-99dalaJPdxload99.xls 8116/99.,'" 

Cubic 
feet 

19610.17 
19610.17 
19610.17 
19610.17 

19610.17 

-

19610.17 
14941.08 
14941.08 
14941.08 

14941.08 
14941.08 

14941.08 
14941.08 
14941.08 

14941.08 
14941.08 

Volume Load 
liters mg 

555359.94 3204427 
555359.94 2.3E+08 
555359.94 455395.2 
555359.94 50426.68 

555359.94 2499.12 

555359.94 42040.75 
423131.39 14640346 
423131.39 10578285 
423131.39 617771.8 

423131.39 7362486 
423131.39 1227.081 

423131.39 592.3839 
423131.39 11001.42 
423131.39 1480.96 

423131.39 2115.657 
423131.39 40155.17 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q",CIA 
Runoff 

co- Runoff 
Amount efficient Intensity Area quantity Q 

Location Outfall Date Pollutant (mgll) C I (in.lhr.) *A (acres) (cu. ft.lsec.) 

POX Basin 6 11/15/98 COO 39.4 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 TSS NO 
POX Basin 6 11/15/98 Oil & Grease 0.788 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 Phosphorus 0.208 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 TOC NO 
POX Basin 6 11/15/98 Arsenic 0.00140 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 Cadmium NO 
POX Basin 6 11/15/98 Chromium 0.00100 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 Copper 0.0113 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 Lead 0.00200 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 Mercury NO 
POX Basin 6 11/15/98 Nickel 0.00240 0.643 0.009 476 2.700 
POX Basin 6 11/15/98 Zinc 0.131 0.643 0.009 476 2.700 
POX Basin 6 6/7/99 COO 17.3 0.643 0.007 476 2.057 
POX Basin 6 6/7/99 TSS 14.0 0.643 0.007 476 2.057 
POX Basin 6 6/7/99 Oil & Grease 0.840 0.643 0.007 476 2.057 
POX Basin 6 6/7/99 Phosphorus NO 
POX Basin 6 6/7/99 TOC 10.7 0.643 0.007 476 2.057 
POX Basin 6 6/7/99 Arsenic 0.00250 0.643 0.007 476 2.057 
POX Basin 6 6/7/99 Cadmium NO 
POX Basin 6 6/7/99 Chromium NO 
POX Basin 6 6/7/99 Copper 0.00850 0.643 0.007 476 2.057 
POX Basin 6 6/7/99 Lead NO 
POX Basin 6 6/7/99 Mercury NO 

C---' 

POX Basin 6 6/7/99 Nickel 0.00250 0.643 0.007 476 2.057 
_ EQ)( .... Basin 6 6/7/99 ~inc 0.0279 0.643 0.007 476 2.057 _._-

Basin 6 outfall = POPE1 
'Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO=Non Oetect, below laboratory detection limit. 
s:/proj95/955059ny/AnnIRptl98-99datalPdxload99.xls 8/16/99 

Cubic 
feet 

233315.6 

233315.6 
233315.6 

233315.6 

233315.6 
233315.6 
233315.6 

233315.6 
233315.6 
177764.3 
177764.3 
177764.3 

177764.3 
177764.3 

177764.3 

177764.3 
177764.3 

Volume Load 
liters mg 

6607498.8 260335453.6 

6607498.8 5206709.072 
6607498.8 1374359.755 

6607498.8 9250.498352 

6607498.8 6607.498823 
6607498.8 74664.7367 
6607498.8 13214.99765 

6607498.8 15857.99717 ~ 

6607498.8 865582.3458 
5034284.8 9E+07 
5034284.8 7E+07 
5034284.8 4E+06 

5034284.8 5E+07 
5034284.8 1E+04 

5034284.8 4E+04 

5034284.8 12585.71204 
5034284.8 140456.5464 

.- -
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND INTERNATIONAL AIRPORT (POX) 

LOAD CALCULATIONS BASED ON Q=CIA 

Runoff 
co- Runoff 

Amount efficient Intensity Area quantity Q 
Location Outfall Date Pollutant (mgtl) C I (in.lhr.) *A (acres) (cu. ft.lsec.) 

POX Basin 7 11/15/98 COO 16.3 0.6 0.009 725 3.838 
POX Basin 7 11/15/98 TSS NO 
POX Basin 7 11/15/98 Oil & Grease 0.679 0.6 0.009 725 3.838 
POX Basin 7 11/15/98 Phosphorus 0.133 0.6 0.009 725 3.838 
POX Basin 7 11/15/98 TOC NO 
POX Basin 7 11/15/98 Arsenic NO 
POX Basin 7 11/15/98 Cadmium NO 
POX Basin 7 11/15/98 Chromium 0.00110 0.6 0.009 725 3.838 
POX Basin 7 11/15/98 Copper 0.00900 0.6 0.009 725 3.838 
POX Basin 7 11/15/98 Lead 0.00290 0.6 0.009 725 3.838 
POX Basin 7 11/15/98 Mercury NO 
POX Basin 7 11/15/98 Nickel NO 
POX Basin 7 11/15/98 Zinc 0.166 0.6 0.009 725 3.838 
POX Basin 7 6/7/99 COO 30.1 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 TSS 17.0 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Oil & Grease 1.00 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Phosphorus 0.176 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 TOC 12.3 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Arsenic 0.00120 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Cadmium NO 
POX Basin 7 6/7/99 Chromium 0.00110 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Copper 0.0152 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Lead 0.00330 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Mercury NO 
POX Basin 7 6/7/99 Nickel 0.00280 0.6 0.007 725 2.924 
POX Basin 7 6/7/99 Zinc 0.116 0.6 0.007 725 2.924 

Basin 7 outfall = M006, SS12200 
'Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO=Non Oetect, below laboratory detection limit. 
s:/proj95/955059ny/AnnIRpt/98-99data/Pdxload99.xls 8/1 " 

Cubic 
feet 

331600.5 

331600.5 
331600.5 

331600.5 
331600.5 
331600.5 

331600.5 
252648 
252648 
252648 
252648 
252648 
252648 

252648 
252648 
252648 

252648 
252648 

i 

I 

Volume Load 
I 

liters mg 
i 

9390926.2 1.53E+08 

9390926.2 6376439 
9390926.2 1248993 

9390926.2 10330.02 
9390926.2 84518.34 
9390926.2 27233.69 

9390926.2 1558894 
7154991.4 2.15E+08 
7154991.4 1.22E+08 
7154991.4 7154991 
7154991.4 1259278 
7154991.4 88006394 
7154991.4 8585.99 

7154991.4 7870.49 
7154991.4 108755.9 
7154991.4 23611.47 

7154991.4 20033.98 
7154991.4 829979 
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TABLE 4 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND INTERNATIONAL AIRPORT (PDX) 

I LOAD CALCULATIONS BASED ON Q=CIA 

I Runoff 
co- Runoff 

Amount efficient Intensity Area quantity Q 
Location Outfall Date Pollutant (mg/l) C I (in.lhr.) *A (acres) (cu. ft.lsec.) 

POX Basin 8 11/15/98 COD 26.3 0.297 0.009 679 1.779 
POX Basin 8 11/15/98 TSS NO 
POX Basin 8 11/15/98 Oil & Grease 0.422 0.297 0.009 679 1.779 
POX Basin 8 11/15/98 Phosphorus 0.209 0.297 0.009 679 1.779 
POX Basin 8 11/15/98 TOC NO 
POX Basin 8 11/15/98 Arsenic 0.00180 0.297 0.009 679 1.779 
POX Basin 8 11/15/98 Cadmium NO 
POX Basin 8 11/15/98 Chromium NO 
POX Basin 8 11/15/98 Copper 0.00580 0.297 0.009 679 1.779 
POX Basin 8 11/15/98 Lead 0.00170 0.297 0.009 679 1.779 
POX Basin 8 11/15/98 Mercury NO 
POX Basin 8 11/15/98 Nickel 0.00340 0.297 . 0.009 679 1.779 
POX Basin 8 11/15/98 Zinc 0.121 0.297 0.009 679 1.779 
POX Basin 8 6/7/99 COD 23.4 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 TSS 19.0 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Oil & Grease 0.378 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Phosphorus NO 
POX Basin 8 6/7/99 TOC 13.5 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Arsenic 0.00190 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Cadmium NO 
POX Basin 8 6/7/99 Chromium NO 
POX Basin 8 6/7/99 Copper 0.00560 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Lead 0.00100 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Mercury NO 
POX Basin 8 6/7/99 Nickel 0.00350 0.297 0.007 679 1.356 
POX Basin 8 6/7/99 Zinc 0.0150 0.297 , .. O.OQZ 679 1.356 

-------- ---_ .. - -----

Basin 8 outfall::: SS12000 
*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO:::Non Detect, below laboratory detection limit. 
s:/proj95/955059ny/AnnIRptl98-99data/Pdxload99.xls 8/16/99 " 

Cubic 
feet 

153727.7 

153727.7 
153727.7 

153727.7 

153727.7 
153727.7 

153727.7 
153727.7 
117125.9 
117125.9 
117125.9 

117125.9 
117125.9 

117125.9 
117125.9 

117125.9 
117125.JL 

Volume Load 
liters mg 

4353568.6 1.14E+08 

4353568.6 1837206 
4353568.6 909895.8 

4353568.6 7836.423 

i 

4353568.6 25250.7 
4353568.6 7401.067 

4353568.6 14802.13 
4353568.6 526781.8 
3317004.65 77617909 
3317004.65 63023088 
3317004.65 1253828 

3317004.65 44779563 
3317004.65 6302.309 

3317004.65 18575.23 
3317004.65 3317.005 

3317004.65 11609.52 
3317004.65 49755.07 
--.-~---~--
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND SHIP REPAIR YARD (PSY) 

LOAD CALCULATIONS BASED ON Q=CIA 
Runoff Intensity Area Runoff 

Location Outfall Date Pollutant Amount coeffic. I *A Q 
(mg/L) C (in/hr) (acres) (fe/sec) 

PSY Basin 2 11/10/98 COD 26.9 0.9 0.003 5.8 0.02 
PSY Basin 2 11/10/98 TSS ND10 
PSY Basin 2 11/10/98 Oil & Grease ND5 
PSY Basin 2 11/10/98 TOC 4.57 0.9 0.003 5.8 0.02 
PSY Basin 2 11/10/98 Arsenic NDO.OO1 
PSY Basin 2 11/10/98 Cadmium NDO.001 
PSY Basin 2 11/10/98 Chromium 0.0011 0.9 0.003 5.8 0.02 
PSY Basin 2 11/10/98 Copper 0.233 0.9 0.003 5.8 0.02 
PSY Basin 2 11/10/98 Lead 0.0099 0.9 0.003 5.8 0.02 
PSY Basin 2 11/10/98 Mercury NDO.0002 
PSY Basin 2 11/10/98 Nickel 0.0086 0.9 0.003 5.8 0.02 
PSY Basin 2 11/10/98 Zinc 1.06 0.9 0.003 5.8 0.02 

*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect. below laboratory detection limit. 
s:/proi95/955059ny/AnnIRpt/98-99dataJPsy-ar99.xls 

Volume 

(fe) 

1524 

1524 

1524 
1524 
1524 

1524 
1524 

Volume Load 

(liters) (mg) 

43152 1160789 

43152 197205 

43152 47 
43152 10054 
43152 427 

43152 371 
43152 45741 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATES 
PORTLAND SHIP REPAIR YARD (PSY) 

LOAD CALCULATIONS BASED ON Q=CIA 
Runoff Intensity Area Runoff 

Location Outfall Date Pollutant Amount coeffic. I *A Q 
(mg/Lt C (in/hr) (acres) (ft3/sec) 

PSY Basin 9 11/10/98 COD 16 0.9 0.003 1.51 0.005 
PSY Basin 9 11/10/98 TSS ND10 
PSY Basin 9 11/10/98 Oil & Grease ND5 
PSY Basin 9 11/10/98 TOC 4.76 0.9 0.003 1.51 0.005 
PSY Basin 9 11/10/98 Arsenic NDO.001 
PSY Basin 9 11/10/98 Cadmium NDO.001 
PSY Basin 9 11/10/98 Chromium NDO.001 
PSY Basin 9 11/10/98 Copper 0.194 0.9 0.003 1.51 0.005 
PSY Basin 9 11/10/98 Lead 0.0014 0.9 0.003 1.51 0.005 
PSY Basin 9 11/10/98 Mercury NDO.0002 
PSY Basin 9 11/10/98 Nickel 0.0039 0.9 0.003 1.51 0.005 
PSY Basin 9 11/10/98 Zinc 1.02 0.9 0.003 1.51 0.005 

*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
s:/proj95/955059ny/AnnIRpt/98-99data/Psy-ar99.xls 

Volume 

(ft3) 

395 

395 

395 
395 

395 
395 

Volume Load 

(liters) (mg) 

11177 178825 

11177 53201 

11177 2168 
11177 16 

11177 44 
11177 11400 
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TABLE 5 INDUSTRIAL STORM WATER MONITORING POLLUTANT LOAD ESTIMATE 
PORTLAND SHIP REPAIR YARD (PSY) 

LOAD CALCULATIONS BASED ON Q=CIA 
Runoff Intensity Area Runoff 

Location Outfall Date Pollutant Amount coeffic. I *A Q 
(mg/L) C (in/hr) (acres) (fe/sec) 

PSY Basin 12 11/10/98 COD 19.2 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 TSS ND10 
PSY Basin 12 11/10/98 Oil & Grease ND5 
PSY Basin 12 11/10/98 TOC 4.24 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 Arsenic 0.001 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 Cadmium NDO.001 
PSY Basin 12 11/10/98 Chromium 0.002 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 Copper 0.0962 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 Lead, 0.0021 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 Mercury NDO.0002 
PSY Basin 12 11/10/98 Nickel 0.0221 0.9 0.003 9.3 0.028 
PSY Basin 12 11/10/98 Zinc 0.673 0.9 0.003 9.3 0.028 

*Rational method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND=Non Detect, below laboratory detection limit. 
s:/proj95/955059ny/AnnIRpt/98-99data/Psy-ar99.xls 

Volume 

(fe) 

2418 

2418 
2418 

2418 
2418 
2418 

2418 
2418 

Volume Load 

(liters) (mg) 

68466 1314545 

68466 290295 
68466 68 

68466 137 
68466 6586 
68466 144 

68466 1513 
68466 46078 



TABLE 6 

STORMW ATER MONITORING DATA REPORT 1998 - 1999 

Stormwater Discharge Permit 1200-Z 

Port of Portland - Marine Terminal 6 7201 N. Marine Drive, Portland Oregon 97203 

Location: T -6 Outfall L - MH 1 (B605) 

Parameters: 

Total Suspended Solids,TSS~ (ppm) 
pH level 
Oil and Grease 
Metals (ppm): Total 
90 pper ... 
Lead 
Zinc ... 

Visual Observations: 

QWGf~<isesh¢eri .. 
Rainfall Flow 

~qP~#6rmed~a1npfiIig; 

EPA 
Method 

160.2 

413.1 

6010A 

7421 
6010A . 

Permit 

MRL Benchmark 

10 130 mg/I 
5.5 -9 S.U. 

5 10 mg/l 

0,005 .·· ..••. O.lmgl! 

0.002 0.4 mg/I 
0.01 .. ·····:··.· ....... O~6mg!1 ... ··. 

1st Sampling 2nd Sampling 
12-0ct-98 18-May-99 

155 49 
6.6 6.7 
ND ·ND 

>·:0,0318". 
0.0923 

0574·. 6~6i5 

Tt5ry~Y· .. ·· 
10:45 AM 1:00 PM Time Samples Taken: 

\\!h6'p.eIfo~ed Ana1ysis: . NCAIPSlo2QS ····NCAlP905344·· 

Date Received: 

otes: NCA=North Creek Analytical; TD= Torn Dean; NY= Nancy Yunker 

Location: T -6 Outfall M - MH 2 (CDC) 

Parameters: 

Total SI:i$pended Solids; rss, (ppm) 
pH level 
Oi!andGiease . 
Metals (ppm): Total 

(:opp~r 

Lead 
tme.· .. 

Visual Observations: 

FoamlDebris 

biVGr~~eSheen 
Rainfall Flow 

;wnd:gel1o##edSamp ling: 
Time Samples Taken: 

'\¥b.9~#f()rille~Analysis: 
Date Received: 

EPA 
Method 
.160.2·· 

/413.1·· 

7421 
60IOA 

Permit 

MRL Benchmark 
TO·· .130mgJL 

5.5 - 9 S.U. 

S 10triglV· 

0,00.5 ·q,r.!I)g/f 
0.002 0.4 mg/I 
O.OIO:61l1g/1 

No Visible 
NoVisible 

otes: NCA=North Creek Analytical; TD = Tom Dean; NY= Nancy Yunker 

10113/98 

1st Sampling 

12-0ct-98 

6.6 
·ND·· 

0.;0901 .. 

§IightlyDirty· 
ND 

··ND 

I" Flow 

TD 
1l:10AM 

NCAlP810265 
10113/98 

5/18/99 

6.5 
ND>·· 

0.0123 

·~lightlyDilty 
ND 
ND 
1.0" 

.. TDINY 
3:00 PM 

NCA!P905344 
5/1.8/99 

NWMAR 118735 



TABLE 6 

Stormwater Monitoring Data Report for 1998-1999 

Location: T -6 Outfall 0 - MH 3 (B603) 

Parameters: 

Total Suspended Solids, TSS, (ppm) 

pH level 

Oil and Grease 

Metals (ppm): Total 
Copper· 

Lead 

Zinc 

Visual Observations: 
Color 

FoamlDebris 

Oi1lGrease. Sheen 
Rainfall Flow 

YYh9Rmqfu1e4.$¥ppFh~:· •.•• 
Time Samples Taken: 

\Vl-tOP#ff8i:ri:i~&All~Wsis:·.·.·· . 
Date Received: 

EPA 
Method 

160.2 

413.1 

6010A 
7421 

60 lOA 

MRL 

10 

5 

0.005 

0.002 

0.01 

Permit 

Benchmark 

130 mg/I 

5.5 - 9 S.U. 

10 mg/I 

0.1 mg/I 

0.4 mg/I 

0.6 mg/I 

No Visible 

.~oVisible 

otes: NCA=North Creek Analytical; TD = Tom Dean; NY= Nancy Yunker 

Location: T -6 Outfall K - MH 4 (B606) 

Parameters: 

rotalSusp~ndedSo1ids, TSS, (ppm) 
pH level 

Oil~ndGtease· • 
Metals (ppm): Total 

!2opper 
Lead 

0·· 

me 

Visual Observations: 

Cotori 
FoamlDebris 

OiVGrease Sheen 

Rainfall Flow 

:Who Performed Sampling: 

Time Samples Taken: 

Who Performed Analysis: ...... ,,",', ...... '", 

Date Received: 

EPA 

.•• ·.· •.. 413.1 

60 lOA 

7421 

·6010A 

:. ---

Permit 

MRL Benchmark 
130mg/l 

5.5 - 9 S.U. 

S IOmg/1 

0:005 . 0.1 mg/I 

0.002 0.4 mgll 

.0.01 0.6 mg/I 

No Visible 

No Visible 

otes: NCA=North Creek Analytical; TD = Tom Dean; NY= Nancy Yunker 

Page 2 

1st Sampling 

12-0ct-98 

337 

6.8 

1.32 

0.0816 

0.255 

0.975 

Very Dirty 

ND 
. ····ND· 

1.5" Flow 

2nd Sampling 

17-May-99 

54 

6.4 

ND 

0.207 

0.103 
0;623 

Dirty 

ND 

ND 
1.0" 

··········TPfNY:···· 
11:20 AM 12:45 PM 

WCM8:l0265 •...•.... ····NCA/P905)44· 

10113/98 5/18/99 

1st Sampling 

NA 
2nd Sampling 

17-MaY-99 
ND 
6.7 

ND 

0.00150 
0.0637 . 

Clear 

ND 

NO 
1.0" 

TDINY 
2:50 PM 

N CAIP905344 

5/18/99 

NWMAR 118736 
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Port of Portland 

TABLE 7 

1998-1999 1200T NPDES STORMWA TER DISCHARGE PERMIT 
SCHEDULE B MONITORING REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitoring Location: POX Basin No.4 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks November 15, 1998 

Spring Sampling Event 
June 7,1999 

General Chemistry: Concentrations in Milligrams per Liter (mg/L) ------ -----_ .. _-------- ------------------~ --------------_._------
Total Suspended EPA 160.2 10.0 NA 414 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.0908 
Chemical Oxygen EPA 410.4 5.00 NA 5.77 
Demand (COD) 

Total Organic EPA415.1 3.00 NA ND 
Carbon (TOG) 

Oil and Grease NWTPH-Dx 0.250 (C1O-C28) 10 0.820 

0.500 (>C28) 10 0.710 

pH NA NA 6.0 to 9.0 6.9 
-------~------ ----~----- ... --.-- ------.~'"---•... -- ------ ---- --- ----------~ --------
Total Metals: 
Arsenic EPA 200.8 0.00100 NA ND 
Cadmium EPA 200.8 0.00100 NA ND 
Chromium EPA 200.8 0.00100 NA ND 
Copper EPA 200.8 0.00200 NA 0.00450 
Lead EPA 200.8 0.00100 NA ND 
Mercury EPA 245.1 0.000200 NA ND 
Nickel EPA 200.8 0.00200 NA ND 
Zinc EPA 200.8 0.00500 NA 0.0757 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 

pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
ND = Not detected at the method reporting limit. 
NWTPH-Dx analysis conducted without organic cleanup. 

25.0 

ND 

34.6 

17.4 

1.46 

1.40 

7.1 
-----------_ .. _--

0.00290 

ND 

0.00140 

0.0260 

0.00350 

ND 

0.00500 

0.0949 

! 
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Port of Portland 

TABLE 7 

1998-19991200T NPDESSTORMWATER DISCHARGE PERMIT 
SCHEDULE B MONITORING DATA REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitoring Location: POX Basin No.1 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks November 15, 1998 

Spring Sampling Event 
June 7,1999 

General Chemistry: . __ . _________ ~oncentra~.on~ in Milligrams per Liter (mg/L) 

Total Suspended EPA 160.2 10.0 NA 10.0 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.230 
Chemical Oxygen EPA 410.4 5.00 NA 21.5 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA NO 
Carbon (TOC) 

Oil and Grease NWTPH-Dx 0.250 (CW-C2S) 10 0.321 

0.500 (>C2S) 10 NO 

pH NA NA 6.0 to 9.0 7.0 
----.-~-.. 

Total Metals: 
----.-~-- -- ....... -.... .- - -------~~~----~-

Arsenic EPA 200.8 0.00100 NA 0.00130 
Cadmium EPA 200.8 0.00100 NA NO 
Chromium EPA 200.8 0.00100 NA NO 
Copper EPA 200.8 0.00200 NA 0.00420 
Lead EPA 200.8 0.00100 NA 0.00100 
Mercury EPA 245.1 0.000200 NA NO 
Nickel EPA 200.8 0.00200 NA 0.00240 
Zinc EPA 200.8 0.00500 NA 0.0430 

Notes:. 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 

pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
NO = Not detected at the method reporting limit. 
NWTPH-Ox analysis conducted without organic cleanup. 

43.0 

NO 

15.8 

9.34 

NO 

NO 

7.2 
- --- ----~ - ---.. -------~-

0.00200 

NO 

NO 

0.00820 

0.00100 

NO 

0.0114 

0.0666 
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Port of Portland 

TABLE 7 

1998-19991200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE B MONITORING DATA REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitoring Location: PDX Basin No.2 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks November 15, 1998 

Spring Sampling Event 
June 7,1999 

General Chemistry: Concentrations in Milligrams per Liter (mg/L) 
--

Total Suspended EPA 160.2 10.0 NA ND 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.126 

Chemical Oxygen EPA 410.4 5.00 NA 15.1 
Demand (COD) 

Total Organic EPA415.1 3.00 NA ND 
Carbon (TOC) 

Oil and Grease NWTPH-Dx 0.250 (C W C28) 10 0.785 

0.500 (>C28) 10 ND 

pH NA NA 6.0 to 9.0 7.1 
~--'---'~- .--~--.-.---.-- ---_._. __ ... _- - ---._" ---.-------

Total Metals: 
Arsenic EPA 200.8 0.00100 NA ND 

Cadmium EPA 200.8 0.00100 NA ND 

Chromium EPA 200.8 0.00100 NA 0.00100 

Copper EPA 200.8 0.00200 NA 0.00750 

Lead EPA 200.8 0.00100 NA 0.00130 

Mercury EPA 245.1 0.000200 NA ND 

Nickel EPA 200.8 0.00200 NA ND 

Zinc EPA 200.8 0.00500 NA 0.0639 
------------- -- ----------- ---- -_. --- ----

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 
pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
ND = Not detected at the method reporting limit. 
NWTPH-Dx analysis conducted without organic cleanup. 

14.0 

ND 

24.0 

12.0 

1.35 

1.15 

7.4 
-~.-----------

0.00160 

ND 

0.00120 

0.0142 

0.00380 

ND 

0.00210 

0.0755 
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TABLE 7 

1998~1999 1200T NPDES STORMWA TER DISCHARGE PERMIT 
SCHEDULE 8 MONITORING REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitoring Location: POX Basin No.6 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks November 15, 1998 

Spring Sampling Event 
June 7,1999 

General Chemistry: ___ . ____ ._. _________ Co_r1~enl~ati0!1~~ __ ~illigrams per L~~Jrl1ll{~ ____ ._. __________ ~_ 
Total Suspended EPA 160.2 10.0 NA NO 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.208 
Chemical Oxygen EPA 410.4 5.00 NA 39.4 
Demand (COD) 

Total Organic EPA415.1 3.00 NA NO 
Carbon (TOG) 

Oil and Grease NWTPH-Dx 0.250 (C1O-C2a) 10 0.788 

0.500 (>C2a) 10 NO 

pH NA NA 6.0 to 9.0 7.4 
--------- ----------
Total Metals: 

--- ---- ""------"- ------.-.--~-----.-------

Arsenic EPA 200.8 0.00100 NA 0.00140 
Cadmium EPA 200.8 0.00100 NA NO 
Chromium EPA 200.8 0.00100 NA 0.00100 
Copper EPA 200.8 0.00200 NA 0.01'13 
Lead EPA 200.8 0.00100 NA 0.00200 
Mercury EPA 245.1 0.000200 NA NO 
Nickel EPA 200.8 0.00200 NA 0.00240 
Zinc EPA 200.8 0.00500 NA 0.131 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 

pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
NO = Not detected at the method reporting limit. 
NWTPH-Dx analysis conducted without organic cleanup. 

14.0 

NO 

17.3 

10.7 

0.840 

0.547 

7.4 
---------~--.- ------ .----~-

0.00250 

NO 

NO 

0.00850 

NO 

NO 

0.00250 

0.0279 
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TABLE 7 

1998-19991200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE 8 MONITORING REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitoring Location: POX Basin No.7 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks November 15, 1998 

Spring Sampling Event 
June 7, 1999 

General Chemistry: __________ ~-.<:>~cen!ra!i<:>_~s in Milligrams per Liter (mg/L) 
---~-------.--~---

Total Suspended EPA 160.2 10.0 NA NO 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.133 
Chemical Oxygen EPA 410.4 5.00 NA 16.3 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA NO 
Carbon (TOG) 

Oil and Grease NWTPH-Ox 0.250 (C 1O-C2S) 10 0.679 

0.500 (>C2S) 10 0.722 

pH NA NA 6.0 to 9.0 7.1 
---_._------------- --.--~---- ---------------- ______ . __ 0..- ---_._-- -_._--- -------.-_ ... _._------
Total Metals: 
Arsenic EPA 200.8 0.00100 NA NO 
Cadmium EPA 200.8 0.00100 NA NO 
Chromium EPA 200.8 0.00100 NA 0.00110 
Copper EPA 200.8 0.00200 NA 0.00900 
Lead EPA 200.8 0.00100 NA 0.00290 
Mercury EPA 245.1 0.000200 NA NO 
Nickel EPA 200.8 0.00200 NA NO 
Zinc EPA 200.8 0.00500 NA 0.166 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 

pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA = Not applicable or not established. 
NO = Not detected at the method reporting limit. 
NWTPH-Ox analysis conducted without organic cleanup. 

17.0 

0.176 

30.1 

12.3 

1.00 

1.19 

6.9 
----_ .. __ .. __ ._._--_ .. -_. --- '"--"------

0.00120 

NO 

0.00110 

0.0152 

0.00330 

NO 

0.00280 

0.116 

I 
I 

I 
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TABLE 7 

1998-19991200T NPDES STORMWATER DISCHARGE PERMIT 
SCHEDULE 8 MONITORING REPORT 

Portland International Airport, Portland, Oregon File No.1 07220 
Monitoring Location: POX Basin No.8 

Monitoring Analytical Method Discharge Fall Sampling Event 
Parameter Method Reporting Limit Benchmarks November 15, 1998 

Spring Sampling Event 
June 7,1999 

General Chemistry: Concentrations in Milligrams per Liter (mg/L) .. -----~- --~---.---,-----
Total Suspended EPA 160.2 10.0 NA ND 
Solids (TSS) 

Total Phosphorus EPA 365.3 0.0350 NA 0.209 
Chemical Oxygen EPA 410.4 5.00 NA 26.3 
Demand (COD) 

Total Organic EPA 415.1 3.00 NA ND 
Carbon (TOC) 

Oil and Grease NwrPH-Dx 0.250 (C 1O-C2S) 10 0.422 

0.500 (>C2S) 10 NO 

pH NA NA 6.0 to 9.0 7.2 

Total Metals: 
---._-- --------- -_._.--~.-

Arsenic EPA 200.8 0.00100 NA 0.00180 
Cadmium EPA 200.8 0.00100 NA ND 
Chromium EPA 200.8 0.00100 NA ND 
Copper EPA 200.8 0.00200 NA 0.00580 
Lead EPA 200.8 0.00100 NA 0.00170 
Mercury EPA 245.1 0.000200 NA ND 
Nickel EPA 200.8 0.00200 NA 0.00340 
Zinc EPA 200.8 0.00500 NA 0.121 

Notes: 

Chemical analyses by North Creek Analytical, Beaverton, Oregon. 

pH measured in field using a Oakton® pHTestr 2 meter and is reported in standard pH units. 
NA ::::: Not applicable or not established. 
ND;;;; Not detected at the method reporting limit. 
NwrPH-Dx analysis conducted without organic cleanup. 

,~----------

19.0 

ND 

23.4 

13.5 

0.378 

ND 

7.8 
~--. 

0.00190 

ND 

ND 

0.00560 

0.00100 

ND 

0.00350 

0.0150 
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TABLE 8 

1998-1999 ANNUAL STORMWATER MONITORING DATA SUMMARY REPORT 
NPDES PERMIT 1200-Z 
CASCADE GENERAL, INC. 
PORTLAND, OREGON 

EPA Sample Point 1 Sample Point 2 
ANALYTE UNITS METHOD 

Chemistry 
pH su 150.1/9040A 

Total Suspended Solids mq/L 160.2 

Chemical OXygf!n Demand mg/L 410.4 

Oil & Grease mg/L 413.1 

Tolal Organic Carbon mg/L 415.1 

Metals 
Arsenic mg/L 200.8 

Cadmium mg/L 200.8 

Chromium mg/L 200.8 

Copper mg/L 200.8 

Lead mg/L 200.8 

Nickel mg/L 200.8 

Zinc mg/L 200.8 

Mercury mg/L 245.1 

Notes: 
ND: Not detected at indicated reporting limit 
mg/L: Milligrams per liter 
su: Standard Units 

11/10/98 - 11/10/98 -

7.03 - 5.71 -
ND10 - ND10 -
26.9 - 16 -
ND5 - ND5 -
4.57 - 4.76 -

NDO.OO1 - NDO.OO1 -
NDO.OO1 - NDO.OO1 -
0.0011 - NDO.OOi -
0.233 - 0.194 -
0.0099 - 0.0014 -
0.0086 - 0.0039 -

1.06 - 1.02 -
NDO.0002 - NDO.0002 -

Sample Point 3 
11/10/98 -

6.91 -
ND10 -
19.2 -
ND5 -
4.24 -

0.001 -
NDO.OOi -

0.002 -
0.0962 -
0.0021 -
0.0221 -
0.673 -

NDO.0002 -



TABLE 9 PORT OF PORTLAND TENANT NPDES PERMIT STATUS 
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TABLE 10 
ENVIRONMENTAL TRAINING CONDUCTED OR AITENDED IN THE 1998-1999 PERMIT COMPLIANCE YEAR 

z 
~ 
s: 

Deicing Awareness 

Environmental 
Enforcement 

Aviation 

Association of Clean 
Water Aaencies 
Environmental Law 
Education Center 

City of Portland 

City of Portland 

Government Institute 

Environmental Law 
Education Center 

5; s:/proj95/955059ny/AnnIRptJ98-99data/training2.xls 
.....lo. 
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..j:::o. 
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Landscape, Bldg. Maintenance, 
Electricians, HVAC, POX Fire, 
Airfield Operations, Vehicle 
Maintenance, Administration, 
Environmental/S 

POX Fire, Maintenance, POX 
Environmental/Safetv. ESD Staff 
ESD Staff 

ESD Staff 

ESD Staff 

Oct. 1998 

1998/1999 

July 1998 

July 1998 

Summer 1999 

June 1999 

Aug. 1998 

Dec. 1998 



TABLE 11 

Storm Water EMF Maintenance Schedule 

Basin Location BMP Frequency 
1 South of west end of Taxiway C Absorbent boom 4 months 

where pipe daylights 
2 West Quiesent Pond Absorbent boom - inlet 2 months 

end 
2 West Quiesent Pond Absorbent boom - 4 months 

middle section 
2 West Quiesnent Pond Hard boom - outlet end 1 year 
4 Central Quiesent Pond Absorbent boom - inlet 2 months 

end 
4 Central Quiesent Pond Absorbent boom - 4 months 

middle section 
4 Central Quiesent Pond Hard boom - outlet end 1 year 
5 Outfall to slough just west of Absorbent boom 2 months 

Cornioot and Airtrans Way 
intersection 

6 East Quiesent Pond Absorbent boom - inlet 2 months 
end 

6 East Quiesent Pond Absorbent boom - 4 months 
middle section 

6 East Quiesent Pond Hard boom - outlet end 1 year 
7 Ditch off perimeter road north of Two sets of absorbent 2 months 

PDX Maintenance boom 
7 Ditch on south side ofPDX Absorbent boom 2 months 

Maintenance 
7 Ditch west ofPDX maintenance Absorbent boom 4 months 

just east of road into the military 
base 

8 Outfall to slough, west of 92Dd Absorbent boom 4 months 
9 Culverts on the south side of the Absorbent boom 4 months 

Airport Way and 1205 
interchange 

NWMAR118747 



TABLE 12 

Portland International Airport 
Oil~Water Separator Cleaning Program 

Separator Number Location Connection Month of Cleaning 
1 PDX Maintenanc;e - Sanitary February 

Vehicle Storage 
Bam 

2 PDX Maintenance - Sanitary April 
Wash Rack 

3 PDX Maintenance - Sanitary June 
Vehicle 
Maintenance Bay 

4 PDX Maintenance - Storm August 
Fuel Island 

5 PDX Fire Station Stann October 

6 PDX Fire Training Land Application December 
Facility 

NWMAR 118748 
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TABLEt3 

Dry Season Observation Schedule 
. Operating Major Outfall location 

Area 
Aviation SS12000 NE 92nd. west of bridge. north side of sloUgh 
Aviation SS12500 NE 55th & Comfoot POX 
Aviation SS12200 NE Alderwood POX 
Aviation SS04PP NE 47th & Comfoot 
Aviation SS6300 Can St. POX 
Aviation SS03PP. West of Alrtrans and Comfoot, POX 

Manne T-1 WW43PP* . Near House 106 T-1 S 
Marine T-1 WW48PP Berth 101 T-1 N 
Marine T-1 WW46PP Berth 104, T-1 
Marine T-1 WW41PP· E. comer of terminal. T-1 S 
Marine T-1 WW42PP· Berth 106, T-1 S 
Marine, T-1 WW45PP Between B.104&105 T-1 S -
Marine, T-1 WW47PP Berth 102, T-1 N 
Marine, T-2 BC50PP N. of Ware. #203 T-2N 
Marine, T-2 BC54PP Between B.204&205 T-2S 
Marine, T-4 SJ25PP T-4 Berth 415 
Marine, T-4 SJ23PP N. of B.415 
Marine T-4 SJ27PP T-4 Berth 416 
Marine T-4 SJ15PP Berth 405 under pier 
Marine T-4 SJ19PP T-4, Berth 411 Pier2 B.410 
Marine, T-4 SJ20PP T-4 Berth 411, under pier 
Marine T-4 SJ13PP T-4 B 401 
Marine T-4 SJ26PP T-4, Berth 416 
Marine T-4 SJ24PP T-4, Berth 414 
Marine T-4 SJ17PP. T-4 S of Berth 405 
Marine, T-4 SJ21PP T-4 Berth 411 
Marine T-4 SJ22PP T-4 Berth 414 N. 
Marine, T-4 SJ18PP S. of B.405 under pier T-4 
Marine T-4 SJ14PP Between B.401 & 403 
Marine, T-4 SJ28PP Berth 416, South Lot 
Marine T-S RG11PP T-5 north end of Columbia Grain 
Marine T-5 RG04PP 1st outfall East end of T-6 . 
Marine T-5 RG12PP 200 yds. south of RG 11 PP, T -5 Columbia Grain 
Marine, T-5 RG13PP Port. Bulk Facility .... under dock, T-5 300yds S. of Alcatel property 

Priority 
Outfall 

X 

X 

X 

X 
X 
X 

1997 

X 

X 
X 

X 

X 

X 

X 

X 

X 

1998 

X 

X 

X 

X 

X 

X 

X 

X 

1999 2000 

X 

X 

X 

X 
X 

X 
X 

X 

X 

X I 

X 

X 
X 

X 
X 



z 
~ 
s: » 
;a 
.....lo. 

.....lo. 

ex> 
-.....J 
c..n 
o 

Marine T-5 
Marine T-6 
Marine T-6 
Marine, T-6 
Marine T-6 
Marine, T-6 
Marine T-6 
Marine T-6 
Marine, T-6 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 
Properties 

PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 
PSRY 

. PSRY 
PSRY 
PSRY' 

RG12.5PP· 
RG07PP 
RG04PP 
RG08PP 
RG10PP 
RG05PP 
RG09PP 
RG06PP 

RG07.5PP· 
RG15PP 
RG16PP 
RG17PP 
RG18PP 
SJ45PP· 
SE53PP 
SJ43PP 
SJ44PP* 

WW44PP· 
WW77UN 
SJ26UN 
SJ37PP 
SJ23UN 
SJ41PP 
SJ30UN 
SJ31UN 
SJ25UN 

SJ31.5UN* 
SJ36PP 
SJ42PP 
SJ28UN 
SJ35PP 
SJ39PP 
SJ33PP , 

SJ34PP 
SJ29UN 
SJ24UN 
SJ27UN 
SJ38PP 

T-5 Alcate! Prop. NW of parking lot X 
First Pier, 300 yards E of T-6 X 

1st outfall, East end ofT-6 X 
NW end of pier- T-6 X 

T-6 Kelly Point Boat Ramp, HyundaJ X 
800 yards E of T-6 .' X 

W of Pier at berth 601 next to Kelly Point P~rk X 
450 yds. E. of T-6 X 

NE end of Pier X 
30" outfall north of western transportation X 
30" outfall south of western transportation X 

30" outfall 1/2 way between rivergate blvd & N. lombard X 
60" outfall N. lombard and.Columbia slough X 

Ports O'eall Swan Island X 
NW Front and Doane X 

Freightliner Swan Island X 
Ports O'CalJ Swan Island, under bridge X 

Berth 105, T,.1 S X 
Tenninal 1, North of Ware.#5 X 

Between B.79&B.91, berth 304 X 
East of Building #60 X 
PSY berth 303 B.50 X 

PSY berth 314, B.134 X 
PSY berth 303, p 38 & 39 X 

Between B.118&B.119, berth 305 X 
B.91, berth 304 X 

B.111 X 
East of Building #50 X 

N.Channel & N. Dolphin X 
B.131&132 X 

PSY berth 302, B.1 X 
PSY berth 313 X 

PSY, berth 303, p 33 X 
PSY berth 3021303, B.4 X 

B.130 X 
PSY berth 304 B.79 X 

PSY berth 303/304, between B.55 and B.79 X 
East of Ballast Water Fac. X --.----
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Table 14 1998/1999 DRY SEASON STORM WATER OUTFALL INSPECTION OBSERVATIONS 

I 

STRUCTURAL 
! OUTFALL LOCATION DATE FLOW ODOR STAINING 

CONDITION 
COLOR CLARITY FLOATABLES 

BC54PP 
T-2 S., between 

7/21/98 No None None Normal 
Berth 204 & 205 

SJ19PP 
T -4, Berth 411, Pier 

7/21/98 No None Normal 
2, Berth 410 

SJ20PP 
T-4, Berth 411, 

7/21/98 No None None Normal 
under pier 

SJ21PP T-4, Berth 411 7/21/98 No None None 
Pipe split near 

mouth 
SJ23PP T-4, N. of Berth 415 7/21/98 No None None Normal 
SJ25PP T-4, Berth 415 7/21/98 Yes None Rust Normal Clear Clear None 
SJ27PP T-4, Berth 416 7/21/98 No None Normal 

WW48PP T-1 N., Berth 101 7/21/98 No None None Normal 

RG04PP 
E. end of T-6, 1st 

7/22/98 Yes None None Normal Clear Clear None 
outfall 

RG05PP 800 yards E. of T-6 7/22/98 No None None Normal 

RG07PP 
first pier, 300 yards 

7/22/98 No 
Rotten 

None Normal 
E. of T-6 meat 

Could not 
RG12PP T-5 Columbia Grain 7/22198 No be Normal 

determined 

RG13PP 
T-5, 300 yds. S. of 

7/22/98 Yes None Normal Brown Clear None 
Alcatel property 

NE 55th & 
Green with 

SS12500 
Cornfoot, POX 

8/4/98 No . None None Normal rust colored Clear None 
foam 

SS6300 Carl St., POX 8/5/98 Yes None None Normal Brown/green Clear Present 

SS12200 
NE Alderwood, 

8/5/98 Yes Musty None Normal Brown/green 
Slightly 

Present 
POX turbid 

South corner of 
Slightly 

FedEx building 8/5/98 ? None Normal Brown None 
#6756 

turbid 

Metal corrosion 
WW46PP T-1, Berth 104 8/25/98 No None Sediments and pipe mouth 

broken off 

s:/proj95/955059ny/AnnIRpt/98-99data/99dy_swo.xls 8/16/99 

VEGETATION 

None under dock 

Normal 

Normal 

Normal 

Normal 
Normal 
Normal I 

No vegetation 
I 

under dock 

Normal 

Normal 

Normal 

Normal 

Normal 

Excessive growth 

Excessive growth 

Normal 

Inhibited 

None 



z 
~ 
s: » 
;a 
.....lo. 

.....lo. 

ex> 
-.....J 
c..n 
I'V 

TABLE 15 

DATE TEMP 
OUTFALL 

SAMPLED 
pH (0C) 

8J25PP 7/21/98 6.5 28.5 

8812500 8/4/98 7.1 24.4 

886300 8/5/98 6.9 19.0 

8812200 8/5/98 7.0 23.0 

NO non-detect 
NA lab did not performed analysis 

sJproi95/955059ny/AnnIRpV9S-99datal99dy_swo.xls 

1998/1999 DRY SEASON STORM WATER SAMPLING RESULTS 

SPECIFIC FECAL RESIDUAL 
COD 

OIL AND 
MBAS TSS NITRATE 

TOTAL ! 

CONDUCTANCE COLIFORM CHLORINE 
(mg/L) 

GREASE 
(mg/L) (mg/L) (mg/L) 

PHENOLS 
(ms/em) (MPN/100 mls) . (mg/~) jmg/L) (mg/L) 

123.4 2.00 ND 9.83 NO -- NO 1.98 NO J 
2.55 NA NA NA 0.595 NA NA NA NA 

• 

372 NA NA NA NA NA NA NA NA 

290 NA NA NA NA NA NA NA NA 



Appendix 2 Figure List 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Figure 13 

Figure 14 

Figure 15 

Swan Island Map 

Rivergate Map 

Best Management Practices Summary Form 

Marine BMP Development Schedule 

Filter Maintenance Log 

POX Master Drainage Plan 

BMP Inspection and Maintenance Form 

BMP Maintenance Schedule Form 

Storm Water Use Agreement 

Spill Response Procedures 

Ordinance Number 361 

Erosion Control Incident Report 

Construction Dewatering Visual Monitoring Record 

Dewatering Specifications 

Field Data Form 

IIPORIISHAREDIPROJ951955059NYlANNLRPJ\98-99DATAIAPPEND.DOC 08·23·99 
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Port MSWMP 40 CFR 122.26(d)(2)(iv)(A) Structurai 1 Source Controls 

FIGURE 3 

Best Management Practices Summary Form 

Form completed by: ______________ Date: ______ _ 

Port Operating Area(s) that the BMP has been or will be implemented in: ____ _ 

Who is responsible for BMP implementation: ______________ _ 

Describe the BMP: ____________ -'-__________ _ 

Who is responsible for maintenance of the BMP: ____________ _ 

Where are the maintenance records maintained: ____________ _ 

How / where is the BMP documented in the operating area: _________ _ 

01/07198 
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FIGURE 4 
Marine BMP Development Schedule 
11 :00 to 1 :00 at Marine Facility Maintenance 

BMP Present BMP Review Draft 
Topic BMP 

• Storm Water ManagementlWater 04/01/99 04/29/99 
Quality 

• Spill Response 04/29/99 OS/27/99 

• Emergency Response Procedures 6/24/99 7/22/99 

• Environmental Reporting and Record 7/22/99 08/19/99 
Keeping 

• Waste Management 08/19/99 09/16/99 

• Hazardous Waste/Hazardous 09/16/99 10/14/99 
Materials Management 

• Facility/Equipment Maintenance & 10/14/99 11/11/99 
Washing 

• Facility Development/Construction 11/11/99 01/13/2000 

• Air Quality 01/13/2000 02/10/2000· 

• UST/AST/Mobile Tanks/Fueling ·02/10/2000 03/09/2000 
Operations 

• Vessel Maintenance and Painting 03/09/2000 04/13/2000 

• Wetlands 04/13/2000 05/11/2000 

• Asbestos 05/11/2000 06/08/2000 

• Other 06/08/2000 07/13/2000 

Finalize BMP 

OS/27/99 

06/24/99 

08/19/99 

09/16/99 

10/14/99 

11/11/99 

01/13/2000 

02/10/2000 

03/09/2000 
-

04/13/2000 _ ,~ 
-- -

-

05/11/2000 

06/08/2000 

07/13/2000 

07/19/99 
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FIGURE 5 Filter Maintenance Log 

Filter Location 
(identify which filter - where Date Filter 
it is in the yard) Inspected 

--- ---

• ~ .~. t l; 

Date Filter Comments 
Changed 



FIGURE 6 
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FIGURE 7 

BMP INSPECTION AND MAINTENANCE FORM 
FUEL ISLAND AND USTs 

NAME: DATE: 

TITLE: TIME: 

VISUAL OBSERVATIONS: 

RAINFALL: (YESINO) 

pH MEASUREMENT: 

ANY UNUSUAL OBSERVANCES: (COLORIFOAMIODOR) IF YES, ACTION TAKEN: 

LEAKS: (YESINO) 

LOCATION(S): 

ACTIONS TAKEN: 

SAMPLESIMEASUREMENTS TAKEN: 

INDIVIDUAL WHO PERFORMED ANAL YSIS: 

ANAL YSIS PERFORMED: 

RESULTS OF ANALYSIS: 

ADDITIONAL COMMENTS: 
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FIGURE 8 
Port MSWMP 40 CFR 122.26(d)(2)(iv}(A}(1} Maintenance 

BMP Maintenance Schedule Form 

Form completed by: _____________ Date: _______ _ 

Port Operating Area where BMP is implemented: _____________ _ 

Port personnel or Port contractor responsible for BMP maintenance: ______ _ 

What is the frequency of maintenance or the schedule for maintaining the BMP: __ 

Where / how are the maintenance records maintained: ___________ _ :.-.. ;. 

Where .I how is the BMP maintenance procedure documented in the operating area: 

Other relevant BMP maintenance information: ______________ _ 

01/20/98 
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Port of Portland Standard Storm Water Use Agreement 
FORM A, 199811999 

FIGURE 9 
STORM WATER USE AGREEMENT 

THE PORT: The Port of Portland 
P.O. Box 3529 
Portland, Oregon 97208 

USER: Nrune ____________________ _ 

Address __________ _ 
City/State/Zip _______ _ 

RECITALS 

A. The Port and User are parties to a lease dated (Port Agreement No. 
______ ) (the "Lease", by reference incorporated herein), pursuant to which User has 
certain rights to use the real property that is the subject of the Lease (the "leased property"). 

B. The Port owns or operates a storm water sewer system ("System"). User wishes 
to use the System for the disposal of storm water discharged by User's operations on the 
Property. 

C. The Port has, or will have, a municipal storm water discharge permit ("Municipal 
Permit"), and, has or will have an industrial storm water permit ("Storm Water Permit"), 
(collectively, "Permits") that may govern the discharge of storm water from the System into the 
waters of the United States or into a separate municipal storm water system. 

AGREEMENT 

1.1 Connection 

User shall connect to the System in a manner approved or prescribed in writing by the 
Port, in the sole discretion of the Port. Connection to the System shall include provisions 
acceptable to the Port that will allow for srunpling of User's storm water discharge upstrerun from 
or at its entry into the System. 

1.2 Use 

User's discharge shall be limited to storm water discharged pursuant to the Port's the 
Port's storm water permit, and shall comply with this Agreement, all terms of the storm water 
permit, all applicable terms of any storm water pollution control plans ("Plans"{ XE "Plans"}), if 
any, the terms of any other applicable agreements between User and the Port and any applicable 
rules governing storm water adopted by the Port in response to changes of law or storm water 
permit terms. 

Page lof6 
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1.3 Disconnection 

User shall give the Port at least thirty (30) days advance written notice before 
disconnecting from the System and shall restore the System and impacted real property to 
substantially its original condition upon disconnecting in a manner agreed to, in advance, by the 
Port. 

1.4 Stonn Water Pennit 

User must become familiar with and abide by all of the requirements of the Port's storm 
water permit(s). At any time that User is not covered by the Port's storm water permit, User shall 
obtain any necessary permits for storm water discharge into the Port's System and discharge in a 
manner which allows the Port to comply with the Port's storm water permit. 

1.5 Stonn Water Pennit Fee 

User shall pay to the Port by August 1 of each fIscal year a nomefundable storm water 
system use fee (''Use Fee"{ XE "Use Fee"}) of TWO HUNDRED FIFTY DOLLARS ($250) [[[ 
For GA Airports, the Use Fee is ONE HUNDRED FIFTY DOLLARS ($150). l]]. The 
annual Use Fee shall not be reduced to reflect periods during which User does not discharge into 
the System. If User begins discharging into the System after July 1, the Use Fee for that fIscal 
year (July 1 to June 30) shall be paid to the Port within thirty (30) days after User begins 
discharging into the System. The Port may adjust the Use Fee from time to time to reflect 
changes in the Port's cost to administer and comply with the storm water permit. The Port shall 
give User at least ninety (90) days written notice prior to the begiruting of the fIscal year in which 
an adjustment to the Use Fee is to be effective. 

1.6 Other Charges 

The Port reserves the right to impose reasonable charges uniformly applied to similarly 
situated lessees for the repair, maintenance, and regulation of the System. The Port will provide 
User with at least thirty (30) days prior written notice of the imposition of or any increase in any 
such charge. 

1.7 Municipal Stonn Water Pennit Requirements 

Nothing in this Agreement shall be deemed to affect the Port's ability to comply with its 
Municipal Storm Water Permit, issued to the Port by the Oregon Department of Environmental 
Quality ("DEQ" { XE "DEQ"}), including, but not limited to, compliance with the requirement 
that the Port have and enforce a storm water management plan and storm water rules. 
Enforcement by the Port of a storm water management plan or storm water rules may result in the 
imposition of additional requirements upon User. 

1.8 Stonn Water Pollution Control Plans 

If the Port is required to have one or more Storm water Pollution Control Plans ("Port 
Plans"{ XE "Port Plans"}), then User shall comply with the Port Plans, as amended from time to 

Page 2 of6 
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time. User may be required to adopt its own storm water pollution control plan, in which case 
User's storm water pollution control plan shall be consistent with the Port's Plans, and shall be 
amended as necessary to maintain consistency with the Port's Plans, as amended. The Port will 
provide User with its current Port Planes). The Port shall also provide User with advance notice 
(and in no event less than thirty (30) days advance notice) before User becomes subject to any 
amendments to the Port Planes) or new Port Plans. 

1.9 Storm Water Sampling 

If User undertakes storm water sampling for any purpose, User shall provide the Port with 
copies of any and all storm water sampling results obtained by User of storm water generated at, 
discharged from, or present on the Premises, within ten (10) days of receipt of the laboratory 
results. 

2. INDEMNIFICA TION 

User shall indemnify, defend, and hold harmless the Port and the Port's conurussloners, 
employees, and agents against any liability whatsoever, including but not limited to penalties or 
fmes imposed by governmental agencies, arising from acts, including but not limited to negligent 
or illegal acts, of User or User's officers, employees or agents, that result in or contribute to a 
violation of any requirement of the Permits, User's Permit, or federal, state or local environmental 
laws, regulations, rules or requirements or that result in or co~tribute to damage to the System, 
the Port's property or property belonging to a third party or bodily injury to a third party. User's 
duty to indemnify, defend, and hold harmless in the case of acts that contribute to a violation shall 
be limited to User's proportionate contribution relative to any other contributors to the violation, 
provided that nothing in this limitation shall be deemed to reduce User's liability for the improper 
disposal of a hazardous waste or the release of a hazardous substance. 

3. PERMISSION TO ENTER AND INSPECT 

3.1 Right of Entry 

During the period in which User is connected to the System, User hereby grants the Port, 
or any person designated by the Port as the Port's representative, permission to enter upon User's 
lands, leaseholds, and improvements from which discharges of storm water into the System 
originate for the limited purposes of: 

• Monitoring User's storm water discharge; 

• Inspection for compliance with the Port's storm water permit, and storm water 
management and pollution control plans, if any; 

• Investigation of violations of federal, state, or local laws, rules, or requirements 
governing storm water, and all rules, regulations, and policies adopted by the Port 
applicable to the Port owned storm sewer system; 

Page 3 of6 
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• Investigation of violations of the Permits or of the Port's storm water management 
or pollution control plan, if any; 

• Sampling User's storm water discharge; and 

• Any other purpose reasonably necessary for compliance with the Permits or local, 
state or federal environmental statutes, rules, regulations or requirements. 

3.2 Notice 

The Port shall give User at least 30 minutes advance notice, before seeking entry into an 
enclosed area or a building under this Agreement and shall schedule any such inspection to 
minimize interference with User's operations. Nothing in this paragraph 7 shall constitute a 
waiver by User of any constitutional right, including, without limitation, the right to be free of 
unreasonable searches and the right to avoid self incrimination. In the event of an emergency 
where prompt investigation and action is necessary to avoid imminent serious pollution, the Port 
will make a reasonable attempt to give advance notice, but may exercise its right under this 
Agreement without undue delay. 

3.3 No Limitation 

Notwithstanding the foregoing, this Agreement shall not be construed to modify or limit 
the Port's inspection or other rights which the Port may have under any lease, operating or other 
agreement with User or any others with respect to the Property or the System. 

4. STORM WATER TREATMENT SYSTEM 

In order to comply with storm water discharge requirements, User may be required to 
treat User's storm water prior to discharge. If treatment is required, the Port shall have the right 
to approve or disapprove the method, design, and installation of any such treatment system in 
order to ensure compliance with applicable laws and regulations and protection of Port property. 

5. TERMINATION 

The Port, in its sole discretion, may terminate this Agreement in the event that User violates any 
of the terms of this Agreement or any federal, state, or local laws or regulations relating to User's 
storm water discharges. Unless terminated earlier pursuant to the preceding sentence, this 
Agreement shall terminate automatically with the expiration of the underlying lease. This 
Agreement can be amended or renewed only by a written document signed by both of the parties. 

6. NO ASSIGNMENTS 

User may not assign or convey any rights that arise under this Agreement to any other person or 
entity. 

Page 4 of6 
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7. INTEGRATION, MODIFICATION 

This Agreement includes the entire agreement of the parties regarding User's connection to, 
discharge of storm water into, and disconnection from the System, and supersedes all prior and 
contemporaneous agreements and communications regarding the same subject. This Agreement 
may be amended only by a writing signed by each party or the party's authorized representative. 
Notwithstanding the provisions of this paragraph, the Port may notify User by letter of the 
amount of any charges imposed under this Agreement, and of changes in those charges. 

8. NOTICES 

8.1 Written Notices 

All written notices required or desired to be given under this Agreement shall be in writing 
and may be delivered by hand delivery or by placement in the U.S. mails, postage prepaid as 
registered or certified mail, return receipt requested, addressed to the Port at: 

with a copy to: 

and to Operator at: 

8.2 Oral Notices 

The Port of Portland 
P.O. Box 3529 
Portland, Oregon 97208 
Attn: ________ _ 

The Port of Portland 
P.O. Box 3529 
Portland, Oregon 97208 
Attn: Legal Department 

All oral notices required or desired to be provided under this Agreement shall be deemed 
to be properly served if personally delivered by a properly identified and authorized representative 
of the party delivered to the following: 

To the Port _____ Environmental and Safety Manager 

(503) ________ _ 

Page 5 of6 
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To the User 

(503) ________ _ 

9. AUTHORITY OF SIGNERS 

Each individual signing below warrants that he or she is the signing party, or is the authorized 
representative of the party for which he or she signs with authority to bind that party to the terms 
of this Agreement. 

USER 

By: 
Title: _____________ _ 

Page 60f6 

THE PORT OF PORTLAND 

By: __________________________ _ 

Mike Thorne, Executive Director 

APPROVED AS TO LEGAL SUFFICIENCY 
FOR THE PORT 

By: __________________________ _ 

Counsel for Port of Portland 

Storm Water Use Agreement for 
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FIGURE 10 

~ Port of Portland 

SPILL RESPONSE PROCEDURES FOR EQUIPMENT 
OPERATORS @ TERMINAL 6, PORTLAND 

This protocol is issued as an element of the Terminal 6 Spill Response Plan to outline 
steps to be taken when an oil spill occurs from a toploader, semi-tractor or forklift on the 
terminal; for example, a ruptured hydraulic hose on a toploader. 

1. Stop and park the vehicle is a safe, paved location awav from storm drains. 

2. Repor:t all spills immediately to the Gearlocker, Supervision and Port Security; 
Give: 

... Vehicle type and number 

.. Specific location 

.. Nature of spill 

.. Your name 

3. Do not continue to operate the vehicle or drive it across the terminal. 
(To do so would spread the spill) 

4. Do not park the vehicle in a gravel or sand area, unless it cannot be moved onto 
pavement. 

5. If on a toploader: remove the storm drain cover from the kit on the toploader 
and place it over the storm drain closest to the spill. 

6. Standby for further instruction from supervision. 

2/97 
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FIGURE 11 

S110il.2520 r;.G::2081 
ORDINANCE NO. 36l 

OF 

THE PORT OF PORTLAND 

AN ORDINANCE REGULATING STORM W~TER. 

BE IT ENACTED BY THE ;PORT OF PORTLAND: 

SECTION 1. FINDINGS AND PURPOSE 

1.1 Findi~gs' 

The- Port of Portland Board of Commissioners .finds: 

(a) The public interest and the interests of the Port of 

Portland will be served if pollution of the Willamette and 

Columbia Rivers and other waters due to pollutants in storm 

water runoff can be minimized; 

(b) Environmental Protection Agency storm water 

regulations adopted pursuant' to the Clean Water Act require 

- the Port to obtain a National Pollution Discharge Elimination 

System municipal storm water permit and to manage storm water 

by: 

(i) contr?lling the contribution of pollutants to 

Port municipal storm sewers by storm water associateq 

with industrial activity; 

(ii) Prohibiting illicit discharges of pollutants 

- to Port municipal separate storm sewers; 
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(iii) Controlling the discharge to Port municipal 

separate storm sewers of spills, dumping, or disposal of 

materia'ls other than storm water; and 

(iv) Requiring compliance by third persons with the 

foregoing requirements under ordinances, 

contracts, or orders issued by'the Port. 

~.2 Purpose 

permits, 

The purpose of this Ordinance is to regulate the discharge of 

storm water into P?rt storm sewers to minimize water pollution due 

. to pollutants discharged in storm water, and to comply with the 

Clean Water Act and wi7~ the 'National Pollution Discharge 

Elimination system municipal storm water p~it issued to the Port 

under the Clean Water Act. 

SECTION 2 - DEFINITIONS 

As used in this Ordinance, unless the context c~early requires 

otherwise: 

2.1 "Executive Director" means the Executive Director of the 

Port. 

2.2 ~'Illicit discharge" means any discharge to a storm sewer 

that is not composed entirely of sto~ water, except (1) discharges 

Under an National Pollution Discharge Elimination Sys~em (NPDES) 

permit other than the municipal NPDES storm wat~ pe~it issued to 

--

.-. .. ~ 
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the Port and (2)' discharges resulting from fire fightin.g. 

activities. 

2.3 "Person' in possession of land' oWned by the Portl! means 

the individual, partnership, corporation, or other entity that has 

a right to occupy or control Port land pursuant to law or 'under 'a 

lease, permit, right of entry ( facility 'use agreement, or other 

qontract wi th the Port of Portland. "Fort J.and tI means land to 

which "the Port holds legal. title and in which the Port has 

something more th~n a mere security interest. 

'2.4 "pollutant" means dredged material, solid waste, 

incinerator residue, fi~ter backwash, sewage, garbage, 'sewage 

sludge, munitions, chemical ~astes, biological materials, . 

radioactive materials, heat, .wrecked or discarded equipment, rock, 

sand, cellar dirt, and industrial or agricultural waste. 

2.5· "Port" means the Port of Po~land. 

2.6 "storm sewer" means a conveyance or system of 

conveyances, including wi~out limitation roads with drainage 

systems, catch basins, curbs, ·gutters, ditches, lIlan~made channels, 

or storm drains, that is designed or· used for co~lecting or 

conveying storm water. 

2.7 "storm water" means storm water runoff, snow melt runoff, 

and surface runoff and ~ainage· •. 

. ..... -. 
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SECTION 3 - ILLICIT DISCHARGES 

No person shall make, cause, or allow an illicit discharge 

into a storm sewer own~d or operated by the Port. 

SECTION 4 - CONNECTIONS 

No person shall connect to a storm sewer owned or oper~ted by 

the Port without first obtaining written permission from the Port. 

SECTION 5 - INSPECTIONS 

Upon reasonable notice to the person in posse$sion of land 

owned by the Port, the Port may inspect that land and storm sewers 

on the land for violations . of this Ordinance or of any law or 

re~lation governing the conveyance or disposal of storm water. Ii. 

The r.ight to inspect under this section is in addition to any right 

under a lease, use agreement, or other contract between the Port 

and the person in pos~ession of the land. 

/ 

'I 
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SECTION 6 - RULES 

The Executive Director or the Executive Director's designee 

shall adopt rules to control: 

(1) The contribution of pollutants to storm sewers owned or 

operated by the'Porti 

(2) The quality of storm water discharged from the sites of 

industrial activity on land owned by the Porti and 

(3) The discharge to 'storm sewers owned or operated by the 

Port of pollutants from_ spills, dumping, or ·the disposal of 

materials other than storm water. 

SECTION 7 - PENALTIES 

Ally person violating section 3 or 4 of this ordinance shall be, 

guilty -of a misdemeanor pursuant to ORS 777.990(2). If a violation 

of section 3 or 4 ~f this Ordinance is continuing or recurrent , . I 

each calendar day during which the violation occurs or continues 

shall be Qeemed a separate violation. 

SECTION 8 - SAVINGS CLAUSE 

All parts of this Ordinance are hereby declared ~eparable and 

independent of all others. If . any phrase, clause, sentence, 

.-. ..... -
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paragraph, or section of this Ordinance is declared invalid for any 

reason, the remainder of this Ordinance shall not be invalidated by 

that declaration, but shall remain in full force and effect. 

~ 
ADOPTED THIS II day of fb/L, < A , ~992, being the date 

of its second reading before the Board of Commissioners of the Port 

of ~ortland. 

By: By: 
Ass1stant secretary . 

APPROVED BY'COMMISSION 

.3-1£ -q:L 
of Portl.anCi (date). 

.-. 
-.,.. 

-

-, 

I 
'I 

,( 

! 

, , 

I 

"{ 
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FIGURE 12 

EROSION CONTROL INCIDENT RECORD 
For Internal Use Only 

Inspectors Name: ___________ Date:, ______________ _ 

Drainage Basin Project Located In: _____________________ _ 

Name Of Project: ___________________________ _ 

Port / Tenant Project Contact: _______________________ _ 

Contact Phone Number: ________________________ _ 

Erosion Control I Water Quality Issue: ____________________ _ 

Corre~veA~on: ___________________________ _ 

Immediate Follow-up A~on Required: ____________________ _ 

Follow-up Schedule: __________________________ _ 

Record Distribution: __________________________ _ 

Erosion control tnspeotIon record 
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FIGURE 13 

Construction Dewatering 

Visual Monitoring Record 

Internal Use Only 

Date Water Quality 

Time 
Observations 

constructionldewatvo3.doc 4/9/98 

Odor 
Present? 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

1·· .. '" 
1\ \.'1' 

Oily Estimated quantity Action Taken Initials 
Sheen of discharge 

reaching the storm 
system 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 
I 

yes! no I 
yes! no I 

yes! no I 
! 

yes! no 
I 

yes! no I 
yes! no 

yes! no 

yes! no 

yes! no 

yes! no 

yes! no 



FIGURE 14 
SECTION 02140 
DEWATERING 

--------------------------------------------------------------
A note refers to the article or paragraph which immediately follows. Notes referring to more than one article or paragraph will be explicitly worded to thaI effect. 
---------------------------------------------------~----------

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This section describes dewatering required for trenching, excavation, and construction of 
underground utilities. 

B. Sand and silt soils that are expected to be encountered in this area are sensitive to 
groundwater seepage and pore pressures. 

1.2 RELA TED WORK SPECIFIED ELSEWHERE 

A. Section 02200, Earthwork 

B. Section 02221, Trenching, Backfilling, and Compacting 

1.3 REFERENCED STANDARDS 

A. ASTM: American Society for Testing and Materials. 

1.4 SUBMITTALS 

A. At least 2 weeks prior to beginning construction work, submit to the Engineer for review a 
statement of method, details, installation, and operation of the proposed dewatering system 
for trenching, excavating, and construction work. The plan shall demonstrate the control of 
groundwater to improve stability of the walls and bottom of the excavations for a period of 
time sufficient for the placement of pipe and structure foundations as shown on the drawings. 

B. Determine and demonstrate the dewatering methods necessary to achieve the groundwater 
conditions specified herein. The range of dewatering options is not intended to exclude the 
use of open pumping with sumps and ditches, subject to the open pumping conditions 
specified herein. 

PART 2 - PRODUCTS 

Not applicable. 

PART 3 - EXECUTION 

Select A for POX or PIC. Select B for RG, HI, or SI. Seclect C for GA airports. 

3.1 DEWATERING REQUIREMENTS 

A. The Contractor may select from the following options: 

1. Option 1, Land Disposal: 

S:\SPECS\DIV -2\02140MT.DOC 
042898 

DEWATERING 
02140-1 
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a. Discharge water from dewatering operations to the ground surface for eventual 
infiltration or evaporation. Water shall be contained in a natural or created basin or 
swale approved by the Engineer. If satisfactory containment cannot be achieved, 
utilize Option 2. 

b. Perform daily inspections of the effluent to determine its cleanliness. Evidence of 
contamination includes oil sheen on the water surface, discoloration of soil or water 
odor of solvents or fuel, or any knowledge of pollutants. Notify the Engineer 
immediately if evidence of soil or water contamination is encountered. When 
contamination is suspected, the Port will obtain effluent samples for testing. 

2. Option 2, Sorm Sewer System Disposal: 

, 

a. Discharge water into the storm sewer system which eventually feeds into the 
Columbia Slough. Provide a discharge sampling site located where water leaves the 
construction area. Notify the Engineer at least 24 hours before the sampling site is 
ready. Assist the Port in obtaining effluent samples at least 48 hours prior to the 
beginning of dewatering activities. Do not begin dewatering operations until 
notified by the Engineer. 

b. The Port will test samples for turbidity, total suspended solids (TSS), volatile 
organic campounds (VOCs), total petroleum hydrocarbons (TPH), chemical oxygen 
demand (COD), benzene, ehylbenzene, toluene, and xylenes (BETX). If no 
significant pollutants are found, the Contrator may discharge into the storm sewer 
system without restriction. The Port will perform monthly sampling at the outfall 
while dewatering discharge is occurring. 

c. After initial testing, perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Notify the Engineer immediately if evidence of soil or water 
contamination is encountered. When contamination is suspected, the Port will 
obtain effluent samples for testing. 

Reminder. Choose B for RG, HI, or 81. 

B. The Contractor may select from the following options: 

1. Option 1, Land Disposal: 

a. Discharge water from dewatering operations to the ground surface for eventual 
infiltration or evaporation. Water shall be contained in a natural or created basin or 
swale approved by the Engineer. If satisfactory containment cannot be achieved, 
utilize Option 2 or Option 3 based on the duration of dewatering operations. 

b. Perform daily inspections of the effluent to determine its cleanliness. Evidence of 
contamination includes oil sheen on the water surface, discoloration of soil or water, 
odor of solvents or fuel, or any knowledge of pollutants. Stop work and notify the 
Engineer immediately if evidence of soil or water contamination is encountered. 
When contamination is suspected, the Port will obtain effluent samples for testing. 

2. Option 2, Storm Sewer System Disposal (Less Than Two Weeks): 
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a. Discharge water from dewatering operations to the storm sewer system as long as 
the effluent looks clean. Perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Stop work and notify the Engineer immediately if evidence of soil or 
water contamination is encountered. When contamination is suspected, the Port 
will obtain effluent samples for testing. 

3. Option 3, Storm Sewer System Disposal (Greater Than Two Weeks): 

a. Discharge water from dewatering operations into the storm sewer system. Provide 
a discharge sampling site located where water leaves the construction area. Notify 
the Engineer at least 24 hours before the sampling site is ready. Assist the Port in 
obtaining effluent samples at least 48 hours prior to the beginning of dewatering 
activities. Do not begin dewatering operations until notified by the Engineer. 

b. After initial testing, perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Stop work and notify the Engineer immediately if evidence of soil or 
water contamination is encountered. When contamination is suspected, the Port 
will obtain effluent samples for testing. 

--------------------------------------------------------------
Reminder. Choose C for GA airports. 
--------------------------------------------------------------

C. The Contractor may select from the following options: 

I. Option 1, Land Disposal: 

a. Discharge water from dewatering operations to the ground surface for eventual 
infiltration or evaporation. Water shall be contained in a natural or created basin or 
swale approved by the Engineer. If satisfactory containment cannot be achieved, 
utilize Option 2. 

b. Perform daily inspections of the effluent to determine its cleanliness. Evidence of 
contamination includes oil sheen on the water surface, discoloration of soil or water, 
odor of solvents or fuel, or any knowledge of pollutants. Stop work and notify the 
Engineer immediately if evidence of soil or water contamination is encountered. 
When contamination is suspected, the Port will obtain effluent samples for testing. 

2. Option 2, Storm Sewer System Disposal: 

a. Discharge water from dewatering operations to the storm sewer system as long as 
the effluent looks clean. Perform daily inspections of the effluent to determine its 
cleanliness. Evidence of contamination includes oil sheen on the water surface, 
discoloration of soil or water, odor of solvents or fuel, or any knowledge of 
pollutants. Stop work and notify the Engineer immediately if evidence of soil or 
water contamination is encountered. When contamination is suspected, the Port 
will obtain effluent samples for testing. 
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3.2 POLLUTION CONTROL 

A. If pollutants are found in any sample above allowable levels, the Contractor shall work in 
coordination with the Engineer and with the Port Environmental Services Division (ESD) to 
develop a treatment plan to treat effluent prior to discharge. Submit the treatment plan for 
Port review and approval. The treatment plan must satisfy Port permit requirements for 
pollutants identified in the testing. Treatment methods may include settling tank, settling 
pond, or filtration system. Continue to perform daily inspections of the effluent to determine 
its cleanliness. Stop work and notify the Engineer immediately if evidence of sailor water 
contamination is encountered. 

3.3 DEWATERING OPERATIONS 

A. Control ground water in a manner that will preserve the strength of the bottom soils of 
trenches and excavations, will not cause instability of the excavation slopes, and will not 
result in damage to existing structures. , 

B. Lower the ground water level before beginning excavation or using wells, wellpoints, or 
similar methods. Maintain the drawdown water level at least 12 inches below the bottom of 
the trench. 

C. Open pumping with sumps and ditches will not be permitted if it results in boils, loss of fines, 
softening of the ground, or instability of slopes. 

D. The Contractor is responsible for dewatering, including the adequacy of the dewatering 
system. Keep trenches and excavations free of water and provide adequate pumping and 
piping equipment to handle and dispose of water. 

E. Provide adequate screens or plugs to prevent objectionable material from entering the 
downstream storm sewer system. Provide adequate screens or filters so that continuous 
pumping of fines does not occur. 

F. Excavation and filling of sumps and ditches in the trench or excavation bottoms for 
dewatering purposes shall be considered incidental to the work and shall be done at no added 
cost to the Port. 

G. Maintain drawdown water level until the trench is backfilled to the original ground water 
level. 

DEWATERING 
02140-4 
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FIGURE 15 
40 CFR 122.26(d)(2)(iii) Monitoring Program 

Field Data Form 
BMP Effectiveness Monitoring 

Sampling Location: ______________________ _ 

Sampler Name: ___________ Date: ___________ _ 

Days I hours since last runoff occurred: _______________ _ 

Days since last sample was collected: < 60 > 60 

Estimated time rain began: ____________________ _ 

Estimated time storm water discharge began: _____________ _ 

Estimated time rain ended: ____________________ _ 

Total rain gauge amount: ___________ ~----------
(If storm is over 24hrs long - record the 24 hour rainfall amount) 

Time samples collected: ____ :....-___________ .....;..... ___ _ 

pHofflow: ___________________________ __ 

Depth of flow in pipe: ________________________ _ 

Visual observations of area: ___________________ _ 

Attach copy of relevant maintenance records: _____________ _ 

Estimate last time area was swept: _____________ -'--__ _ 

Have any spills occurred in the area in the last 3 months? _________ _ 
(if yes attach spill incident information) 

Comments: _________________________ _ 

04/01/98 
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ANNUAL REPORT 
PORT OF PORTLAND 

MUNICIPAL STORM WATER PERMIT NO. 101314 
SUBMITTED AUGUST 19,2000 

INTRODUCTION 

This document is submitted to the Oregon Department of Environmental Quality ("DEQ") by the 
Port of Portland ("Port") to satisfy the reporting requirements of National Pollutant Discharge 
Elimination System ("NPDES") Municipal Separate Storm Sewer System ("MS4") Discharge 
Permit No. 101314 ("Municipal Permit"). As one of the three co-permittees authorized to operate 
a section of the Portland MS4 under this permit, the Port is required to submit annual reports to 
DEQ for each fiscal year (July 1 to June 30) of the 5-year permit term. According to Schedule B, 
Sections 6 and 7 of the Municipal Permit, these reports are to include a summary of the 
stormwater monitoring data collected during that year, a description of the activities undertaken 
to implement the Municipal Storm Water Management Plan ("MSWMP"), a description of any 
changes made to the MSWMP, and a description of any water quality improvement or 
degradation identified during the permit year. 

This report documents the stormwater monitoring efforts, the activities undertaken to implement 
the Port's MSWMP and related Best Management Practices ("BMPs"), and other stormwater
related activities that occurred on Port-owned properties during the 1999-2000 permit year 
("permit year"). All tables and figures referenced throughout this section of the report are 
compiled in the attached Appendices A and B, respectively, unless otherwise stated. 

Port of Portland Properties 

The Port owns approximately 8,200 acres in three operating areas and one non-operating area 
within the City of Portland Urban Services Boundary. Operating areas include the Portland 
International Airport ("PDX"), the Portland Ship Repair Yard ("PSY"), and the five Marine 
Terminals. The non-operating area consists of several industrial parks occupied by various 
commercial tenants. Each of these properties is briefly described below. 

Portland International Airport 

PDX is approximately 3,229 acres in size and is located in Northeast Portland between the 
Columbia River and the Columbia Slough. The facility is owned and operated by the Port and 
includes numerous aviation-related tenants. Stormwater runoff from the PDX property 
discharges into the Columbia Slough through a series of nine outfalls, which are authorized 
under the new NPDES General Industrial Storm Water Discharge Permit 1200-COLS. This 
permit was issued by DEQ in order to incorporate the Total Maximum Daily Load ("TMDL") 
for the Columbia Slough, which was approved in December 1998. PDX was formerly covered 
under a 1200-T Permit for transportation activities during the previous permit year, but changed 
to the l200-COLS Permit in February 2000. With the exception of the Oregon Air National 
Guard, all PDX tenants requiring stormwater permits are co-permittees under the Port's 
1200-COLS Permit (Table 1). PDX also holds an NPDES Construction Dewatering Permit and 
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an NPDES Anti-icing/De-icing Waste Discharge Permit, both of which were issued by DEQ. 
Several PDX tenants are also co-permittees under the Anti-icing/De-icing Permit. 

Ship Repair Yard 

PSY is a 94-acre facility located on Swan Island along the right bank of the Willamette River in 
North Portland. Throughout the permit year, PSY was leased to and operated by, Cascade 
General, Inc., who also sublets portions of the site to other tenants. Stormwater runoff on the 
facility drains into the Swan Island Lagoon and Willamette River and is authorized under a 
1200-Z NPDES Permit. Cascade General holds the permit for this facility and is responsible for 
daily environmental compliance and annual reporting to DEQ. Subtenants are co-permittees on 
this permit and are required to follow Cascade General's SWPCP and related BMPs. These sub
tenants are shown in Table 1. Near the end of the permit year, the Port was in the process of 
selling PSY. As such, it will not likely be included in future Municipal Permit Annual Reports. 

Marine Terminals 

The five Marine Terminals owned by the Port occupy approximately 1,023 acres and are located 
along both the Willamette and Columbia Rivers. These areas are managed by the Port's Marine 
Department ("Marine") and include Terminals 1 and 2 ("T -1" and "T -2") on the left bank of the 
Willamette River, Terminals 4 and 5 ("T-4" and "T-5") on the right bank of the Willamette 
River, and Terminal 6 ("T -6") on the left bank of the Columbia River. Stormwater runoff from 
these facilities drains into both the Willamette and Columbia Rivers and the Columbia Slough. 
The Port operates T-6 and holds a 1200-Z NPDES Permit for this facility. The majority of the 
other terminals are leased to various tenants, many of which have their own NPDES permits 
(Table 1). 

Industrial Parks 

The industrial parks managed by the Port include Swan Island, Port Center, Mocks Landing, 
Rivergate, Portland International Center ("PIC"), Troutdale Industrial Park, and Brookwood 
Corporate Park. The Troutdale (75 acres) and Brookwood (22 acres) properties are located 
outside of the Municipal Permit area and are not discussed further in this report. The remaining 
areas occupy approximately 3,838 acres. Swan Island, Port Center, and Mocks Landing are all 
located along the right bank of the Willamette River near PSY. Rivergate is located between T-5 
and T-6, and PIC is located just east of PDX. The Port has sold much of the property within 
these parks and the remaining areas are approximately 80% leased. The Port Properties 
Department ("Properties") manages the leased parcels. Stormwater runoff from these facilities 
discharges to the Willamette River, the Swan Island Lagoon, and the Columbia Slough. 
Industrial Park tenants that discharge stormwater into the Port's portion of the MS4 are 
responsible for obtaining and complying with all applicable permits independent of the Port 
(Table 1). 

Organizational Structure 

Each of the operating areas mentioned above is responsible for daily compliance with a variety 
of environmental permits, including their individual NPDES Storm Water Permits. Operating 
areas with NPDES Industrial Storm Water Discharge Permits are also required to prepare and 
maintain SWPCPs for their facilities to provide guidance and procedures for controlling pollutant 
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exposure to stormwater. Port-wide environmental issues are managed by the Environmental 
Services Division ("ESD"), a corporate branch in the Port's Policy and Planning Department. 
The ESD manages the Port's Municipal Permit, maintains the MSWMP, and provides the 
operating areas with policy guidance and training on municipal storm water issues. An 
organizational chart of the Port's environmental services is provided in Figure 1. One of the 
many activities that ESD was involved in during the permit year, was the preparation of the 
Port's section of the Municipal Permit Renewal Application. 

STORMWATER MONITORING DATA 

The completed Port Municipal Storm Water Monitoring Program was submitted to DEQ on 
April 8, 1998. Under this program, the monitoring components to be performed on Port property 
include Industrial Permit stormwater sampling, dry season monitoring, de-icing monitoring, 
tenant monitoring, and BMP effectiveness monitoring. Since the land use characterization 
monitoring required by the Municipal Permit is already being performed by the City of Portland 
("City") for all areas within the Urban Services Boundary, Port collection of such data was 
determined to be a duplication of effort. Therefore, the DEQ has agreed that the Port is not 
required to conduct independent municipal land use stormwater monitoring provided it either 
financially support the City's monitoring effort or redirect its resources to another part of the 
program. The Port officially implemented both of these conditions during the permit year. In an 
agreement with the City that was signed on August 5, 1999, the Port agreed to pay its percentage 
of the annual monitoring costs until 2005. 

Monitoring results for the permit year included Industrial Permit compliance monitoring, dry 
season inspection monitoring, and BMP effectiveness monitoring. These results are briefly 
described below and are discussed in more detail in the M1 - Water Quality Monitoring BMP 
section of this report. 

Industrial Permit Monitoring 

Monitoring data collected during the permit year from industrial stormwater outfalls at PDX, 
PSY, and T-6 are included in Tables 2a through 4. These samples are representative of the 
variety of activities, including transportation, industrial, and commercial uses, that occur on Port 
property. Although this data set was collected as part of the Port's Industrial Storm Water Permit 
compliance, it is included in this annual report because it effectively represents a portion of the 
Municipal Permit stormwater monitoring requirements. It should be noted that the monitoring 
parameters for PDX changed between the two sampling periods during the permit year and that 
additional sampling sites were added due to the change from the 1200-T Permit to the 
1200-COLS Permit. The grab sample analysis from the industrial sampling at PDX, PSY, and 
T-6 was also used to estimate the pollutant loads for each storm event sampled and each 
sampling location (Tables 5 through 7). 

Dry Season Inspection Monitoring 

The Port's dry season monitoring effort is part of the Illicit Discharge Detection and Removal 
Program ("IDDRP") and is designed to detect non-stormwater discharges from Port outfalls. Dry 
season monitoring of all Port-owned outfalls occurs on a 5-year rotating schedule with certain 
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priority outfalls monitored every year. The current schedule is shown in Table 8. If a discharge is 
observed from an outfall, a sample is collected and sent to an independent laboratory for 
analysis. The results of this analysis and the conditions observed in the field are then used to help 
identify the source of the discharge and to determine whether potential pollutants are entering the 
stormwater system. Follow-up investigations and inspections are scheduled when necessary. Dry 
season monitoring and sampling data collected during the permit year are presented in Tables 9 
and 10, respectively. 

BMP Effectiveness Monitoring 

The Port's BMP effectiveness monitoring program was originally designed to monitor and 
evaluate the effectiveness of three structural BMPs located at various Port facilities. These 
structural BMPs include: 1) a Stormceptor® water quality manhole located at the PIC industrial 
park, 2) a series of StormGuard® catch basin filters located at PDX, and 3) an oil/water separator 
located at T -6. During the permit year, BMP effectiveness monitoring was expanded to include a 
stormwater swale located near Ramsey Lake in the Rivergate industrial park. The data collected 
during the permit year are included in Tables 11 through 24. A discussion of this data and an 
analysis of the effectiveness of the individual structural BMPs is presented under the Ml - Water 
Quality Monitoring BMP section of this report. 

MSWMP ACCOMPLISHMENTS FOR THE 1999-2000 PERMIT YEAR 

The Port MSWMP was submitted in Part 2 of the NPDES Municipal Permit application and was 
approved by the DEQ. In addition to documenting Port-wide policies and procedures on 
stormwater management, this plan also describes a series of sixteen BMPs in eleven different 
categories, including Planning and Policy Development, Public Involvement, Education, and 
Operations and Maintenance, among others, to be implemented throughout the 5-year Municipal 
Permit term. The BMPs included in the MSWMP were selected to satisfy the requirements for 
municipal compliance promulgated in 40 CFR 122.26(d)(2)(iv). Under each of these BMPs, the 
Port developed several tasks, or implementation activities, designed to help put that BMP into 
practice. General methods for program evaluation were also developed. 

The remainder of this report describes the BMPs in the Port's MSWMP and briefly summarizes 
the Port's activities within these BMP categories during the permit year. For the purposes of this 
annual report, only the BMP description, status, implementation activities, and proposed BMP 
changes will be discussed. 

PPI - Planning and Policy Development 

BMP Description: 

Promulgate policy and practices to address stormwater pollution issues on Port property. 

Status 

The ESD continues to provide policy and program direction to the Port operating areas. A new 
water resources policy and supporting procedures, which include stormwater components, is 
currently being developed. Many Port-wide stormwater programs have already been 
implemented for the purposes of stormwater control and runoff water quality improvement. The 
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ESD's role is to develop the required programs in cooperation with operating area staff, gain 
approval from operating area management, and then help implement programs in the respective 
areas. Ultimately the operating area environmental staff conducts and maintains the program 
components. 

The programs that have been implemented and are a part of operating area compliance include 
the IDDRP, the MSWMP, and the Tenant Program. Port-wide catch basin stenciling and catch 
basin inspection programs are also in place. 

The Port continues to comply with the stormwater and wash water discharge permit for de-icing 
and anti-icing materials, which ensures compliance with the Columbia Slough TMDL waste load 
allocations for biochemical oxygen demand ("BOD"). The PDX Environmental BMP Committee 
meets monthly to address stormwater BMPs, including de-icing practices. PDX is also now 
complying with DEQ's new 1200-COLS Permit for the Columbia Slough watershed. 

Operating area site specific practices are being improved and developed as operating area 
stormwater awareness increases. The Port is dedicated to continued storm water education efforts. 
The site-specific pollution control practices developed are documented in the operating area 
SWPCPs. The benefits from these implemented practices are monitored via the wet season visual 
water quality observations and sampling and dry season screening and sampling. 

Implemented Activities 

Task 1 - Develop and implement a process for promulgating policies and practices 
regarding all aspects of stormwater pollution control. 

Development of pollution control practices during the permit year was typically concurrent with 
the implementation of the various stormwater-related programs. As guidelines were developed, 
they were documented as part of the implementation process. In some cases, documentation 
included correspondence to a Port tenant and incorporation of a practice into Port-wide 
environmental procedures for stormwater. In all cases, the documentation of the developed 
practice is maintained in the Port MSWMP, the operating area SWPCP or other appropriate 
storm water documents. 

The ESD continued to make progress in developing practices concerning property inspection 
documentation, environmental lease language and use agreement updates, and the development 
of a Port-wide Environmental Management System ("EMS") and Environmental Management 
Information System ("EMIS"). Other plans addressing such issues as riverbank and wetland 
management also continued to be developed. 

In the past year, the Port defined the key elements for the EMS including several policies, 
impact/aspect analyses, management plans, and a permit tracking system. With regard to 
policies, the Port's Commission adopted a revised Environmental Policy to reflect the changing 
times and the additional requirements or challenges the Port is now faced with. This 
environmental policy is designed to provide direction for the organization and serves as the 
cornerstone of the EMS. In order to implement the revised Commission policy, the Port's 
Executive Director issued the first seven EMS administrative environmental policies, with ten 
remaining to be put in place by the end of calendar year 2000. One of these remaining policies is 
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the Water Resource Policy, which is currently in its draft form and going through the review 
process. In general, this policy provides direction for the development of the Port's Water 
Resource Program and includes storm water issues. 

Another policy scheduled for development is the Port's Facility and Property Management 
Policy, which will include management implications for construction and erosion control 
practices. Procedures, otherwise known as business processes describing how the Port intends to 
carry out its policies, are being developed to support all of the EMS elements. Although the 
Water Resource procedures have not yet been defined, BMPs are being developed at the 
operating areas to support the municipal storm water requirements. 

Another element of an EMS is to analyze an organization's environmental aspects and impacts. 
In the past year, the Port has made an extensive effort to look at all of its activities and determine 
what environmental aspects and impacts, if any, can be associated with each activity. This 
information is used to prioritize where the Port should be spending its resources and to establish 
environmental objectives and targets for the organization. This analysis will help determine 
which Port activities impact storm water and the appropriate management practices to control or 
eliminate these impacts. 

To support the EMS, a database was developed that contains each of the Port's environmental 
permits and clearly identifies the owner of these permits. The database also includes specific 
information about the commitments of each permit and the parties responsible for ensuring that 
these commitments are fulfilled. This database will assist managers in tracking the commitments 
they are responsible for and facilitating compliance with the permits. 

During the Spring of 1998, Marine identified the need for an ongoing riverbank management 
program for the Port's 12 miles of riverbank property. In response to this need, the Port's 
Riverbank Management Plan has been developed and is now in its second year of 
implementation. Water quality and related issues such as the Title 3 regulations, proposed Goal 5 
regulations, and the Endangered Species Act have all brought new attention to both the 
Columbia and Willamette Rivers. These changes present the opportunity to integrate 
environmental planning with land use planning in a new way and to take a more comprehensive 
view of Marine Terminal infrastructure. This multi-year program consists of a Riverbank Survey 
and a Management Plan that includes ongoing monitoring. BMPs are also part of the 
management plan and provide guidelines and actions for planning, maintenance and construction 
on and adjacent to Marine Department riverbanks. These BMPs were adopted with a 
commitment to review progress annually for each action area. 

Many aspects of the Port's business, including stormwater management, have potential to impact 
wetlands. To address such issues, a Wetlands Management Plan is currently being developed as a 
key element of the EMS. The plan provides guidance for addressing wetlands issues on all Port 
properties and is to be used as a comprehensive tool to be applied by PDX, Marine, and 
Properties. 
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Task 2 - Assess water quality monitoring data collected from various sources, including 
Port industrial and municipal NPDES programs. Best management practices and policy 
will be reviewed and revised as necessary to better address the goal of meeting water 
quality criteria. 

The permit year assessment of the water quality monitoring data for Municipal Permit 
compliance consists of a review of the industrial stormwater data and the data obtained from the 
City's monitoring program. The monitoring data collected for purposes of the Port's industrial 
stormwater compliance are included in Tables 2a through 4 of this report. The samples collected 
represent a cross section of the industrial activities occurring on the Port's property. Review of 
the permit jurisdiction data is included in the last section of the overall co-permittee report. 

The permit year assessment of the BMP effectiveness monitoring data does not directly provide 
information on the quality of stormwater leaving Port property. The data was intended to provide 
information on the effectiveness of structural BMPs. The Port's municipal stormwater 
monitoring program includes the monitoring of four structural BMPs. The Port will shortly begin 
a full revision of the MSWMP and its BMP effectiveness monitoring approach. The data from 
the BMP analyses are presented in Tables 11 through 24. 

Task 3 - ESD will assist each operating area in the development of site specific practices to 
ensure that all facilities remain in compliance with stormwater regulations and stormwater 
pollution prevention goals. 

As in past permit years, the operating areas had the lead role in the development of on-site 
practices to ensure compliance with stormwater regulations and progress with storm water 
pollution prevention goals during the permit year. The ESD provided guidance and motivation to 
continue stormwater practice development and implementation. New practices were documented 
and maintained in the operating area SWPCPs or other appropriate stormwater documents. If a 
new practice or BMP was implemented on Port property that was not covered by a site-specific 
SWPCP, then the practice was documented in the MSWMP and maintained by ESD at the 
corporate office. Figure 2 is the Best Management Practice Summary Form that has been 
developed and distributed to appropriate personnel to document new BMPs or practices in the 
operating areas. New practices are further described in the appropriate BMP Section. 

BMP: EDl - Employee Education 

BMP Description: 

Inform employees of new stormwater pollution control efforts and activities in each Port 
operating area. Provide guidance for implementing such, where applicable. Cooperate with 
the City's educational programs that relate to the Port operations. 

Status 

The Port continues to make substantial progress with the employee and tenant education BMP. 
Training, educational meetings, information exchanges, and presentations are designed and cover 
a variety of BMP topics ranging from de-icing/anti-icing procedures to spill prevention and 
response to other environmental regulations. The training agendas, list of attendees, and 
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summary of information presented during these sessions are maintained in either the operating 
area or ESD files or the Port MSWMP. Table 25 lists the stormwater-related training 
accomplished and attended during the permit year. 

Implemented Activities 

Task 1 - The Port will participate in informational meetings and other activities with the 
City of Portland and others, and disseminate applicable information to employees in each 
of the operating areas. 

During the monitoring period, the Port continued to attend Association of Clean Water Agencies 
("ACW A") and other stormwater-related meetings with fellow co-permittees. Specific examples 
include the ACWA Annual Conference, the ACWA Storm Water Summit, the 5th Annual Water 
Conference, the Portland Bureau of Environmental Services ("BES") Erosion Control Manual 
Training, and an Oregon Chapter of Air and Waste Management TMDL meeting. Information 
from these meetings is distributed to operating area staff, as applicable. 

Task 2 - Operating areas will adopt practices, which include employee awareness of 
stormwater activities, as applicable. 

Throughout the permit year, the Port operating areas continued to develop and improve 
employee awareness of stormwater management and pollution control. In October 1999, PDX 
conducted a Storm Water and De-icing Awareness seminar for several of its employees 
including the Aviation Maintenance Center Group, PDX Communications Center Group, and the 
Port Fire Department. Topics discussed included stormwater regulations NPDES permit 
requirements, potential stormwater pollutants, SWPCPs, BMPs, and illicit discharges. Marine 
provided similar training for its environmental staff in the Fall of 1999 and PSY offered 
stormwater BMP training for its supervisors in May 2000. 

Other training during the permit year included courses on construction de-watering, erosion 
control, and de-icing practices for PDX construction, maintenance, and engineering personnel. 
Annual Spill Response and OSHA training was also offered to the General Maintenance, 
Environmental, and Fire Departments at PDX in the Fall of 1999. Marine personnel attended 
similar courses in spill response and environmental compliance in early 2000. 

Port operating areas also hosted several guest speakers who presented information related to 
stormwater during their talks. For example, Kevin Masterson ofDEQ spoke to both the PDX and 
Marine staff and tenants about the universal waste rules and the various DEQ programs, 
including the Water Quality Program, that offer technical assistance to applicants and permittees. 
Metro's Marc Terpel also spoke to Marine personnel about Metro's Title 3 Stream and 
Floodplain Protection Plan. Marine also presented the Port's Riverbank Management Plan to 
both Marine Terminal staff and tenants. 

In addition to specific training courses and guest speakers, Marine, PDX, and PSY all continued 
to conduct regular staff and tenant meetings that contained environmental subjects related to 
stormwater. Topics frequently discussed included spill response procedures, equipment washing 
practices, hazardous waste management, water quality concerns, and erosion control and bank 
stabilization methods. PDX continued to hold monthly BMP Committee meetings, which include 
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both PDX tenants and staff, and conducted a meeting and facility walk-through with several 
aviation tenants to discuss the requirements of their revised SWPCP. Marine also conducted 
monthly tenant meetings, which included presentations and discussion on equipment and vehicle 
washing, spill prevention and response, and the Port's Riverbank Management Plan. 

Training materials such as the slides, overheads, and videos that were developed by PDX and 
ESD in previous permit years, continued to be used for training and awareness meetings 
throughout the Port. These materials will be maintained and updated as needed for use as a part 
of Municipal Permit compliance. 

Additional educational related activities that occurred during the permit year include the 
continued expansion of the PDX and Marine inlet stenciling programs. PSY completed its 
stenciling program during the last permit year, but continues to maintain the stencils on its inlets 
as part of routine maintenance. Experience in past years has proven that inlet stenciling is an 
effective educational tool that warns employees, tenants, and the general public against putting 
non-stormwater discharges into the stormwater system. 

Task 3 - Evaluate the City's educational programs on water quality and make relevant 
information available to Port engineers, contractors, and tenants. Participate in City 
programs and disseminate educational materials as warranted. 

The Port participated with the City and the other co-permittees in several stormwater meetings 
during the permit year. Both ESD and Properties Maintenance staff, for example, attended the 
City of Portland's Erosion Control Manual Training this year. Information from these types of 
meetings is distributed to the Port operating areas when applicable. 

Task 4 - Initiate a tenant program that involves regular meetings and training for all 
regulated tenants whose activities may have an impact on the quality of Port stormwater 
runoff. 

The Port Tenant Program continued to be developed and expanded during the permit year. 
Operating areas held regular tenant meetings where storm water management issues and 
procedures were discussed. PDX further developed its BMP Committee program and used these 
monthly meetings to prepare and review the airport's updated SWPCP. Progress also continued 
in the Marine Tenant Program where seven new BMPs were developed and implemented. These 
BMPs addressed such issues as emergency response procedures (BMP003), environmental 
reporting and record keeping (BMP004), waste management (BMP006), hazardous waste, 
universal waste, and used oil management (BMP007), hazardous materials management 
(BMP008), facility and equipment maintenance (BMP009), and equipment and vehicle washing 
(BMPOIO). Several additional BMPs continue to be developed under this program including one 
for facility development and construction and another that addresses erosion and sediment 
control. These BMPs should be in place by the end of 2000. The Marine BMP development 
schedule is shown in Table 26. Marine also continued to use the tenant newsletter that was 
started during the last permit year, to keep tenants informed on current environmental issues at 
the Port. 
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Support public programs that increase public awareness of the importance of water quality 
protection. 

Status 

The Port continues to participate in a variety of public programs focused on increasing public 
awareness of the importance of water quality protection. While some of these programs do not 
address stormwater directly, many of their goals and objectives are closely related to the control 
of runoff and water pollution control. ESD also continues to relay any relevant public 
information and materials related to storm water to Port operating areas and tenants. 

Implemented Activities 

Task 1 - Make public information about water quality events available to Port operating 
area staff. 

Throughout the permit year, brochures, documents, and pamphlets related to stormwater were 
reviewed and distributed. Metro Haz-Waste information, spill procedures, and brochures 
developed by BES were also distributed to the operating areas. Water quality and stormwater 
information made available through the ACW A was also distributed to Port employees. Port 
employees were invited to attend educational events sponsored by the Columbia Slough 
Watershed Council. 

Task 2 - Where practicable, designate appropriate Port programs or sites for 
demonstration projects connected with water quality awareness protections or 
enhancement. 

The Port has completed a Columbia Slough revitalization effort on Port property in cooperation 
with the City of Portland. The revegetation project included restoration of approximately 
20 acres of native riparian and upland habitat. The Port is also supporting and participating in a 
watershed assessment for the Columbia Slough Watershed. The assessment will involve 
community members and serve as a tool for watershed planning, guidance for development of 
action plans for watershed projects, and for education programs. The Port will continue to 
participate in projects connected with water quality protection and enhancement. 

Task 3 - Work with BES and other agencies and organizations to promote the development 
of educational activities, materials, and tools. 

During the permit year, the Port participated in several Stop Oregon Litter and Vandalism 
("SOL V") events including a Riverside and Columbia Slough clean up in May of 2000. PDX 
environmental staff gave a de-icing presentation for the Water Environment School at Clackamas 
Community College and participated in a career talk related to stormwater BMPs for Apprentices 
in Science and Engineering's Saturday Academy. As with last year, PDX was also a co-sponsor 
with the City for the Columbia Slough Regatta event. Marine participated in several beach and 
riverbank clean-ups and plantings, including the Albina Dock planting project with BES. Marine 
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also contracted with the Multnomah Youth Council ("MYC") to take over the management of a 
portion of the shoreline on West Hayden Island as part of an ongoing riverbank project. PSY 
sponsored events with Headwaters to Oceans and the Willamette River Keepers and continued 
its involvement with Clean River Cooperative and the National Shipyards Research Program. 

OMI - Operations and Maintenance of Stormwater Quality Facilities 

BMP Description: 

Evaluate existing stormwater maintenance practices that affect water quality at 
stormwater quality facilities. 

Status 

The Port currently complies with two NPDES General Industrial Storm Water Permits for 
properties within the Portland Urban Services Boundary. These permits include a 1200-Z permit 
issued for T-6 and one 1200-COLS permit issued for pox. In addition, the Port also complies 
with a Port-wide 1200-CA NPDES Permit for construction discharges to the stormwater system 
and Anti-icing/De-icing Waste Discharge and Construction Dewatering Discharge NPDES 
Permits for pox and PIC. Cascade General is the operator for PSY and complies with the 
1200-Z permit issued for that facility. 

Operating area and PSY staff are responsible for evaluating stormwater maintenance practices on 
their facilities and updating their site specific SWPCPs and other environmental management 
plans as appropriate. Plan updates frequently include additional permit requirements and changes 
in stormwater practices implemented at the facility. General guidance on stormwater 
management is provided by ESD and included in the Port's MSWMP. 

Implemented Activities 

Each operating area has developed and implemented specific stormwater maintenance practices 
relevant to the Port and tenant operations occurring at the facility. Many of the maintenance 
practices have been established and implemented over the last few years of compliance or were 
in place prior to the regulations. Much of the work has already been accomplished, but there are 
a few new maintenance activities to report in this submission. 

PDX 

During the permit year, pox revised its SWPCP to address the requirements of the 1200-COLS 
Permit. An updated section on site controls and stormwater BMPs was added that addressed such 
issues as storage tank containment, oil, fuel, and grease management, waste material and 
chemical disposal, erosion and sediment control, and stormwater facility maintenance procedures 
and schedules. This revised report discussed both the POX and co-permittee responsibilities and 
included a section on record keeping and internal reporting procedures. Several new and revised 
inspection and maintenance forms were also included in this document. Figures 3 through 8 
provide examples of some of these forms. Copies of the revised SWPCP were provided to all 
tenant co-permittees for compliance. pox also continued progress on the updating of its spill 
control and response plan. 
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Throughout permit year, PDX maintenance and environmental staff continued to perform 
stormwater BMP maintenance activities according to the SWPCP schedules. Routine BMP 
maintenance completed include boom deployment, maintenance, and replacement; inlet 
protection and replacement; inlet filter installation, maintenance, and replacement; 
detention/quiescent pond cleaning; vegetative swale maintenance; oil/water separator 
maintenance; outfall maintenance; and catch basin inspection and cleaning. With the issuance of 
the new 1200-COLS Permit, PDX has also expanded the monthly inspections of their stormwater 
system to include additional outfalls, catch basins, and other components. 

PDX has also continued to develop the Storm Water Drain Maintenance Management System 
("SDMMS"), which is designed to log the Global Positioning System ("GPS") location, 
inspection results, cleaning schedule, structural condition, and filter condition information for 
each of the catch basins, inlets, and manholes on the facility. Once implemented, the system 
documentation records will be maintained in the PDX maintenance files and when a catch basin, 
inlet, or manhole is inspected, a record of the observation is completed and the information is 
transferred to the SDMMS. 

PSY 

Cascade General updated its Oil Spill Contingency Plan for Oregon and the PSY Oil Transfer 
Operations Manual during the permit year. The Ship to Shore Transfer, Consolidation, and 
Management of Hazardous Materials BMP was also incorporated into Cascade General's 
SWPCP for PSY. 

Cascade General also continued to use and improve a computerized system for tracking routine 
maintenance tasks throughout the permit year. Stormwater-related maintenance activities 
performed at PSY include boom deployment, maintenance, and replacement; ballast water and 
dry-dock water treatment plant maintenance; catch basin cleaning, maintenance, and inspection, 
and yard sweeping. Records of these activities are maintained in their maintenance office. New 
maintenance procedures implemented during the permit year included a pilot study of 
Stormwatch® catch basin filtration systems for oil and grease removal. 

Marine 

Marine Environmental and Maintenance staff began updating the SWPCP and Spill Response 
Plan during the permit year. These documents are expected to be completed in the coming year 
and a training session is being developed for their issuance. Training will be provided to both 
Marine staff and tenants who are co-permittees on the T -6 1200-Z Permit. 

Stormwater maintenance activities completed at T -6 throughout the last permit year included 
catch basin inspection and cleaning, oil/water separator maintenance, inlet filter maintenance and 
replacement, and facility sweeping. Degraded outfalls and eroding riverbanks were also repaired. 
An existing equipment wash area was reconstructed at T -6 with a new oil/separator that drains to 
the sanitary sewer system. 

BMP field forms continued to be completed for all maintenance activities. This information was 
entered into the Marine Maintenance computer system, which tracks maintenance and 
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environmental inspection information. All cleaning and waste disposal records continued to be 
maintained in the Waste Stream Management Book in the T-6 Environmental Office. 

Industrial Parks 

As in the past, Properties Maintenance staff remained responsible for maintaining all Port 
landscaping within the industrial parks and the majority of the Marine Terminals. During the 
permit year, a gravel pad was installed for vehicle and equipment washing at their T-6 facility. 
Construction of a concrete pad for chemical, herbicide, and fertilizer mixing was also initiated. 
This mixing pad is designed to drain into a gravel area and will have outlets that can be shut-off 
in the event of a chemical spill. 

OM2 - Operations and Maintenance - Streets and Vehicle Maneuvering Areas 

BMP Description: 

Evaluate operations and maintenance for the Port roads and vehicle-maneuvering areas to 
determine water quality impacts. Recommend improved procedures or practices that 
reduce the discharge of pollutants to the stormwater system. 

Status 

PDX, PSY, Marine, and Properties are each responsible for the maintenance of road and vehicle 
maneuvering areas in their respective areas. The maintenance plans and site specific SWPCPs 
address many of the operating and maintenance issues for roads and surfaces. Major maintenance 
tasks performed on Port roads and pavement areas include sweeping, de-icing (PDX), and 
surface repairs and painting (PDX). 

Implemented Activities 

Operating Area Sweeping 

The most intensive effort concerning road and surface maintenance on Port properties during 
permit year continued to be pavement sweeping. All operating areas continued to perform 
sweeping at their facilities on a regular basis. PDX swept the airfield and any construction sites 
on a daily basis, PSY swept weekly and T-6 swept annually. During the permit year, sweeping at 
the Industrial Parks was regularly conducted by outside contractors. Records of sweeping 
continue to be maintained at PSY, PDX, and T-6 in the maintenance files. 

The waste material handling procedures for swept material remained relatively unchanged during 
the permit year, with debris placed in storage bins or stockpiled in a manner that prevents contact 
with stormwater runoff. PDX began use of its new sweeper debris containment boxes in the Fall 
of 1999. The collected material continued to be tested for hazardous waste content and 
appropriately disposed of at Metro or Waste Management's Hillsboro Landfill. The sampling 
and disposal tracking records continue to be maintained in the operating area maintenance files. 
In some cases, information was also maintained by operating area environmental staff as part of 
waste stream management. 
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PDX De-icing 

Throughout the permit year, the Port continued to conduct limited de-icing on non-airside 
pavements at PDX (e.g. streets, roads and parking areas outside the PDX security fence but 
within the airport boundaries) and the "No Urea Policy" for pavement de-icing implemented in 
May 1998 remained in effect. The De-icing and Anti-Icing Runoff Control Program for aircraft 
and airs ide pavements was continued through the 1999-2000 de-icing season. This program 
includes strategies to control, collect, and dispose of de-icing and anti-icing materials. 
Compliance with the de-icing permit is required for all co-permittees, including compliance with 
the schedule set forth in the TMDL for the Columbia Slough. This TMDL requires discharges to 
the Columbia Slough to comply with the numeric waste load allocations by the Winter of 
2003-2004. 

The schedule for implementation of the fully integrated anti-icing and de-icing control system 
was developed to follow the Option 2 schedule (modified to exclude a discharge to the Columbia 
River) in the stormwater discharge permit for de-icing and anti-icing materials. Meanwhile, PDX 
de-icing activities continued to be addressed by Port environmental staff, a consultant team, the 
PDX co-permittees, DEQ, and BES. The airside de-icing materials used at PDX are FAA 
approved and include sodium formate and potassium formate. Magnesium chloride, a material 
that is not approved by the FAA, is used for non-airside pavement de-icing only. A switch from 
potassium acetate to potassium formate occurred during the permit year. 

The results of the de-icing season management activities and pilot projects during 1999-2000 are 
being compiled and will be submitted to DEQ in the PDX 199912000 De-icingIAnti-icing 
Management Report on or before August 15, 2000. This report will be available for review from 
the Port or Elliot Zais ofDEQ. 

The Port de-icing team and consultant are developing de-icing studies for the 2000-2001 season. 
The 2000-2001 PDX de-icing program will be documented in the Annual Runoff Control Plan 
due to DEQ on October 1, 2000. Many projects initiated last winter will be continued, including 
trench drain operation at concourses C and D for glycol collection and deployment of two Glycol 
Recovery Vehicles ("GRV"). Other de-icing management efforts to be implemented include 
using forced air de-icing methods for aircraft, employing a two step chemical application process 
for pavement deicers, varying aircraft de-icing material mix ratios based on ambient 
temperatures (to be done by airlines), and researching new de-icing technologies. 

Records of the de-icing studies and projects continued to be maintained by Port environmental 
staff. Due to the extent ofthe projects, the amount of data, and the extensive coordination efforts, 
the PDX de-icing information is maintained independently of the PDX SWPCP and stormwater 
files. 

PDX Surface Repairs 

Throughout the permit year, roadway surface repairs and painting continued to be conducted by 
PDX Maintenance staff. Procedures for handling waste products and cleaning equipment related 
to pavement maintenance continued to improve through careful storage, application, and 
disposal. Several new features of the PDX maintenance facility were constructed to eliminate 
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exposure of stormwater and stormwater runoff to potential contaminants. These projects were 
completed in the Fall of 1999 and included extending the indoor equipment storage areas, 
building an equipment wash bay, building an unloading bay for sweeper and catch basin clean
out debris, and the installation of a toluene recovery system for paint and related products. 
Improved protocols and waste disposal procedures are documented in the revised PDX SWPCP. 

Properties 

During the permit year, the Properties Maintenance staff developed a Storm Water Discharge 
BMP for several activities related to streets and vehicle maneuvering areas at Marine's facilities. 
Targeted activities included outdoor storage areas for materials such as bark, compost, topsoil, 
and waste materials, fueling areas, material loading and unloading sites, and vehicle/equipment 
maintenance shops and wash pads. Control methods implemented included the required cleanup 
of granular material, sand, and dirt from roadways, the prohibition of vehicle washing, chemical 
mixing, and fueling operations in paved areas, the deployment of spill kits on chemical trucks, 
and erosion control requirements for landscape construction activities. 

OM3 - Truck Hauling Practices 

BMP Description: 

Inform tenants and Port employees of City truck hauling practices. 

Status 

The Port operating area SWPCPs and standard operating procedures address vehicle operation 
and maintenance. The Port maintains a minimal fleet and transports a small enough quantity of 
significant materials that the truck hauling practices do not apply. As such, the Port has proposed 
that this BMP be removed from the Port's MSWMP in the NPDES Municipal Permit Renewal 
Application. 

Implemented Activities 

Task 1 - Continue BMPs for vehicle operation and maintenance. 

The Port continued to maintain sound vehicle operation and maintenance practices throughout 
the permit year. Scheduled vehicle maintenance by Port staff was performed indoors to avoid 
off-site breakdowns that could cause leaks and exposure of significant materials to stormwater 
runoff. Metal trays continued to be installed on all new Properties Maintenance trucks to avoid 
any leaking of spilled materials during the transport of fertilizers and herbicides. The 
transportation of other materials on Port property continued to be performed by trained 
professional hauling and landscape contractors hired by the Port. 

Task 2 - Distribute materials made available by the City and others. 

The Port continued to distribute appropriate informational material concerning trucking practices 
and material handling practices to operating area staff, as applicable. 
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INDl - Industrial Control 

BMP Description: 

Develop a program to control the discharge of pollutants in the stormwater system from 
existing and developing industries on Port property which are not already regulated by 
other NPDES requirements. 

Status 

The Port operating areas have been complying with the NPDES industrial stormwater permits 
since they were issued by DEQ. Table 1 lists the Port tenants that have individual NPDES 
permits and those that are complying with the stormwater industrial regulations as co-permittees 
to the operating area permits. All new tenants with ground leases and those with lease updates 
are required to enter into stormwater use agreements with the Port. A sample stormwater use 
agreement is attached as Figure 9. New tenants are also required to sign Construction 
Dewatering Agreements for construction projects that require de-watering and Storage Tank Use 
Agreements for operation of above ground and underground tanks. During lease negotiations, 
property inspections are conducted and stormwater permits and BMPs are discussed. Additional 
control over tenants includes Port Ordinance No. 361, which authorized the Port to conduct 
tenant inspections, eliminate illegal connections to the MS4 system, and enact penalties on 
known violators (Figure 10). 

The Port Tenant Program addresses stormwater BMP implementation with all Port tenants that 
have the potential to impact Port stormwater quality. The tenant survey and tenant meetings 
performed during past permit years were the first steps in the Program. One goal of the Tenant 
Program continues to be the development and implementation of management practices to help 
reduce the amount of pollutants entering the stormwater runoff from existing and developing 
Port tenant properties. 

Implemented Activities 

During the permit year, several stormwater controls and BMPs have been implemented at the 
Port operating areas in accordance with their SWPCP schedules, requirements of the municipal 
storm water program, and ESD or consultant recommendations. All tenant co-permittees are 
required to comply with these BMPs and practices, when applicable. The following actions have 
been planned and/or implemented throughout the past permit year: 

PDX 

• 
• 
• 
• 
• 
• 
• 
• 
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SWPCP updated and implemented 
Spill control and response plan revision initiated 
New toluene recovery system installed and in use 
New wash bay construction for maintenance equipment/vehicles completed and in use 
Storm inlet stenciling program continued 
Catch basin filters continue to be installed in POX maintenance area 
Dewatering permit sampling and management practices finalized, and permit in effect 
Erosion control training information distributed to tenants and maintenance staff 
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PDX (cont.) 

• Erosion control training meetings conducted 
• Contractor erosion control plans for construction project required and inspected 
• Tenant BMP committee meetings conducted regularly 
• Stormwater and de-icing/anti-icing awareness training conducted 
• Airside operations training sessions conducted 
• Port Fire Department training sessions conducted 
• OSHA and Spill Response training conducted 
• Industrial storm water monitoring performed 
• Dry season inspections conducted 
• BMP effectiveness monitoring performed for catch basin filters 
• "No Urea Policy" enforced 
• "No Wash Policy" enforced 
• New sweeper and catch basin waste containment system constructed and in use 
• BMP maintenance schedule developed and documented 
• Stormwater training video shown at tenant and PDX staff training 

PSY 

• BMP for ship to shore transfer, consolidation, and management of hazardous materials 
implemented 

• Oil Spill Contingency Plan for Oregon updated 
• Oil Transfer Operations Manual updated 
• Yard sweeping frequency increased 
• Stenciled stormwater inlets maintained 
• Industrial storm water sampling performed 

Marine 

• SWPCP and spill control and response plan revision initiated 
• Equipment wash facility at T -6 downsized and diverted to the sanitary sewer system 
• New oil/water separator installed at T-6 equipment wash facility 
• Inlet stenciling program continued 
• Spill procedure labeling of large equipment at T -6 continued 
• Spill response training provided to Environmental and Security staff in Spring 2000 
• Spill response equipment inventory completed 
• Hazardous cargo storage area completed and in use 
• Industrial storm water sampling performed 
• Dry season inspections performed at all terminals 
• BMP effectiveness monitoring performed for T -6 oil/water separator 
• Spill Response BMP developed and implemented 
• Emergency Response Procedure BMP developed and implemented 
• Environmental Reporting and Record Keeping BMP developed and implemented 
• Waste Management BMP developed and implemented 
• Hazardous Waste, Universal Waste, and Used Oil Management BMP developed and 

implemented 
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Marine (cont.) 

• Hazardous Materials Management BMP developed and implemented 
• Facility & Equipment Maintenance BMP developed and implemented 
• Equipment & Vehicle Washing BMP developed and implemented 

Task 1 - Review the list of Port tenants to identify those facilities discharging to the Port's 
portion of the MS4 system which are regulated by SARA Title III, Section 313. 

Superfund Amendments and Reauthorization Act ("SARA") Title III Section 313 facilities were 
identified through the Port-wide tenant survey distribution and information compilation 
conducted during past permit years. Efforts to maintain and update this information continued 
through the permit year. The tenant survey was the first phase in the Storm Water Tenant 
Program and continues to be used in the development of the Tenant Site Inspection and Tenant 
Follow-up Programs. 

Task 2 - Develop procedures for investigating facilities subject to SARA Title III, Section 
313 regulations. 

SARA Title III, Section 313 facility inspection procedures have been researched during past 
permit years. No additional tasks were implemented during the permit year. 

Task 3 - As warranted based on illicit discharge inspections and other water quality 
information, extend the procedures of Task 2 to other facilities which are determined to be 
contributing substantial pollutant loads to the Port's portion of the MS4 system. 

Throughout the permit year, Marine continued to conduct tenant inspections. Marine performed 
annual inspections of tenant facilities for environmental safety and facility maintenance and 
engineering compliance. PDX began developing an inspection program for tenant facilities and 
construction sites to ensure compliance with the appropriate environmental permits. Properties 
also began work on a pilot project involving Phase I property inspections for property 
transactions. 

ILLl - Spill Prevention and Response Training 

BMP Description: 

Review required spill response procedures in each operating area. Refine procedures as 
necessary, including improving interagency collaboration. 

Status 

Spill prevention and response plans have been developed and implemented for PDX, T-6, and 
PSY. The Port operating areas have completed extensive spill training for relevant personnel. 
With the exception ofPSY, these operating areas conduct training annually and provide refresher 
courses to introduce new procedures and techniques. PSY provides spill response and control 
training as part of its new employee orientation program. Spill training throughout the Port 
emphasizes employee responsibility for preventing releases to the storm system and receiving 
waters. 
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Emergency response actions have been established for PDX, T-6, and PSY, and employees have 
been trained in these procedures. The Port has on-call environmental response contractors for 
clean up and containment. The operating areas, as well as ESD, have compiled spill response 
phone contact lists. ESD, PDX, and Marine also operate 24-hour hotlines in order to respond to 
Port property spills at any time. PDX, T -6, and PSY have developed both stationary and mobile 
spill kits in order to respond to spills occurring at any location on the site. Properties 
Maintenance personnel also carry similar kits on their vehicles and equipment. 

Implemented Activities 

Task 1 - Participate in the City's spill response task force. 

The Port continued to participate in City training events and attend the City'S spill committee 
meetings during the permit year. 

Task 2 - Distribute materials provided by the City. 

Written materials regarding spills distributed at the spill response task force meetings have 
continued to be shared with operating area managers and staff. Any applicable future spill 
information from the task force meetings will be distributed to the operating area environmental 
personnel, as well as tenants during Tenant Program meetings. 

Task 3 - Review and modify existing response procedures to include provisions for the 
protection of stormwater quality on a regular basis. 

Throughout the permit year, operating area spill response plans have been updated and modified 
to include all stormwater requirements as listed in the 1200-COLS and 1200-Z permits. Both 
PDX and Marine initiated large-scale revisions of facility spill prevention and response plans 
during the permit year. 

Task 4 - Ensure that all tenants on Port property have spill prevention and response plans 
in place. 

Throughout the permit year, Port tenants continued to be encouraged to develop spill prevention 
and response plans for their individual facilities. Co-permittees complying with NPDES 
stormwater industrial permits were required to develop such plans as part of the 1200-COLS and 
1200-Z permits. Tenants with Storm Water Use Agreements included in their lease were required 
to comply with Port SWPCPs, which include spill prevention and response procedures. The Port 
tenant inspection program, which will include the review of tenant spill prevention and response 
plans, continued to be developed during the permit year. Once this program is adopted, any 
industrial tenants that lack an implemented spill plan will be contacted for site review and plan 
development guidance, once protocols are in place. 
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Detect and control illicit connections and discharges to the stormwater system. 

Status/Implemented Activities 

Task 1 - Develop and finalize a written plan with field procedures for identifying and 
investigating illicit discharges to the Port's portion of the MS4 system. 

The written procedures for the IDDRP were finalized during the 1996-1997 permit year and 
remained in place during 1999-2000. The program is documented in the Port MSWMP, as well 
as in operating area environmental programs. The program contains the Port's procedures for 
enforcement of Port Ordinance 361 (Figure 10); dry season and wet season field screening; 
priority and schedule of major outfall inspections; and discharge sampling, tracking, and 
elimination. The IDDRP lists the Port's public, tenant, and employee awareness efforts and 
activities. Port spill prevention and response procedures are addressed as part of the IDDRP as 
required by 40 CFR 122.26 (d)(2)(iv)(B); however, the spill response procedures are maintained 
in separate documents located in the operating areas. The program description also discusses 
how priority outfalls were identified. 

Tasks 2 - Continually integrate monitoring information from historical sources and 
Industrial Permits for Port and adjacent properties which discharge into the Port's portion 
of the MS4 system. 

The Port continued to compile and review all relevant monitoring data for influence of non
stormwater discharges during the permit year. The operating areas, including Cascade General at 
PSY, were responsible for conducting wet season runoff observations, dry season inspections, 
and monthly inspections of potential significant material leakage or spillage areas. These 
inspections, along with stormwater sample collection and analysis, provided information to 
determine the presence of illicit discharges and their sources. Review of this year's industrial 
data suggests that that there are no illicit discharges or connections to the Port's stormwater 
system. 

The data from the 1996 study and the results from the previous inspections were initially used to 
determine the Port priority outfalls and the schedule for dry season inspections for the remaining 
years of permit compliance. Outfalls are added or removed from the list throughout the permit 
term based on new data or inspection results. No new outfalls were added to the list during the 
permit year. However, Marine did request that two of its outfalls, one at T-l (WW41PP) and one 
at T -4 (SJ28PP) be removed from the monitoring schedule, as these outfalls could not be found 
in the field. Review of the previous years of inspection data indicates that most non-stormwater 
discharges were not illicit discharges, but rather permissible discharges, as defined by 40 CFR 
122.26 (d)(2)(iv)(B)(l). 
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Task 3 - Develop a 5-year schedule for investigation of all major outfalls based on the 
ranking results. 

The IDDRP contains a description of the 5-year dry season inspection schedule. The schedule 
and priority are based on review of the data from the 1996 season, information collected during 
the 1993 and 1991 dry season studies, land use designations, and the location of significant 
material usage on Port properties. The current dry season inspection schedule is shown in 
Table 8. A revised inspection schedule will be prepared during the upcoming Municipal Permit 
renewal process. 

Task 4 - Conduct inspection for illicit discharges during the dry periods of each fiscal year 
according to the schedule developed in Task 3. 

For the 1999-2000 dry season, the operating areas, with the exception of PSY, inspected all 
priority outfalls in their jurisdiction, plus several of the outfalls identified for inspection for the 
1999 season. The dry season observation results for the permit year have been compiled and are 
included as Table 9. If a non-stormwater discharge was observed, the inspection team collected a 
sample, completed in field screening analysis, and conducted a follow-up investigation. Samples 
collected from a non-stormwater discharge were analyzed for a list of parameters developed to 
help identify the source of the possible illicit discharge. Table 10 contains the sample results for 
the follow-up work that was conducted. 

Task 5 - Coordinate with other municipal discharge programs as needed. 

Throughout the permit year, the Port continued to coordinate with the City and DEQ during 
illicit discharge investigations. The Port participated with the City's illicit discharge elimination 
program ("IDEP"), sharing observation and investigation results and information. 

Task 6 - Conduct follow-up inspections and enforcement tasks until observed illicit 
discharges are eliminated. 

Follow-up and inspection procedures continued to be documented in the IDDRP. Aside from 
some sample analysis, no extended follow-up actions were necessary during the permit year, so 
no additions to the plan needed to be made. Flows observed during 1999-2000 dry season 
inspections were typically attributed to ground water seepage or irrigation water runoff. 

ILL3 - Employee Haz-Mat Training 

BMP Description: 

Provide information to employees and tenants on where and how to properly dispose of oil, 
antifreeze, pesticides, paints, solvents, and other potentially harmful materials. 

Status 

The Port distributes information on hazardous materials training to employees and tenants. 
Operating areas also provide hazardous waste handling training to their employees, when 
applicable. The Port's Risk Management group maintains a Port-wide inventory of all hazardous 
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materials used throughout Port operated properties. Education on this BMP is also provided in 
the monthly BMP Committee meetings at PDX. 

Implemented Activities 

Task 1 - Distribute information provided by Metro on disposal locations for specific 
materials to all employees and tenants. 

During the permit year, the Port continued to distribute relevant hazardous waste information 
obtained from the City and Metro to operating area staff and tenants. Operating area staff and 
maintenance groups worked together to improve staff awareness of proper handling, storage, and 
disposal of hazardous wastes. A number of improved waste disposal practices have been 
developed and incorporated into PDX and Marine maintenance protocols. Construction of the 
toluene recovery system that began last year at PDX was completed during the permit year, and 
this system is currently being used to separate hazardous waste constituents (toluene) from paint 
to allow for proper recycling and disposal. Marine has incorporated a number of new BMPs 
related to the storage, handling, and disposal of hazardous materials. 

ILL4 - Illegal Dumping 

BMP Description: 

Reduce the potential for illegal dumping through active property management. 

Status 

Port operating areas have implemented procedures for dealing with illegal dumping and 
abandoned waste. Experience has shown that most illegal dumping is the result of tenants 
abandoning wastes after vacating Port-owned properties. Port methods of abandoned waste 
removal and property management continue to be effective in reducing this problem. 

Implemented Activities 

Task 1 - Continue efforts to promptly remove garbage from vacant properties. 

During the permit year, the operating areas continued to remove any abandoned solid waste 
material from Port property and to work with Properties to track the potentially responsible 
parties. Waste materials were disposed of by an environmental contractor or by the regular 
disposal company, depending on whether the waste was characterized as hazardous or non
hazardous, respectively. Although most of the Port's facilities had only minor problems with 
illegal dumping and abandoned waste, PDX did report at least one significant incident during the 
permit year. In this case, the responsible party was identified and required to pay the disposal 
costs. 

Task 2 - Continue program to limit vehicle access in areas where problems are 
encountered. 

Where possible, fences and locked gates continued to be used to prevent illegal dumping. 
Cascade General completely fenced the PSY facility and employed 24-hour security throughout 
the permit year. In areas where it is not possible to block entrances to the Port property, signs and 
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warnings against illegal dumping continue to be posted. The Port landscaping crew, along with 
operating area maintenance personnel and other staff members, continue to look for abandoned 
wastes and respond to incidents as quickly as possible. 

Task 3 - Cooperate with local jurisdictions and any regional programs to address illegal 
dumping. 

The Port continued to coordinate with DEQ concerning illegal dumping of hazardous waste on 
Port properties. Illegal dumping is also addressed in the City led ILL 1 spill response task force 
meetings regularly attended by Port personnel. 

NDI - Erosion and Sediment Control 

BMP Description: 

Apply practical erosion, sediment and other controls to reduce all pollutant discharges at 
construction sites associated with properties being developed by the Port. 

Status 

In addition to the Municipal Permit, all Port-owned properties are also covered under a 1200-CA 
NPDES Permit for construction stormwater discharges that was issued by DEQ in the Fall of 
1997 (Permit No. 107018). This permit covers Port construction activities on 5 acres or larger. 
Tenants performing construction activities on 5 acres or more of Port property are required to 
obtain individual 1200-C NPDES Permits for their activities. Both the 1200-CA and 1200-C 
permits require the development of erosion control plans that must be approved by BES and Port 
staff. The Port also holds a Construction Dewatering Discharge NPDES Permit (Permit No. 
107220) for the discharge of excavation wastewater at the PDX and PIC facilities. This permit 
authorizes construction de-watering discharges into the PDXlPIC stormwater system with 
eventual discharge to the Columbia Slough. 

Implemented Activities 

Task 1 - Comply with the 1200-CA NPDES Permit and provide associated erosion and 
sediment control training to Port employees and tenants. 

Throughout the permit year, the Port continued to comply with the 1200-CA Permit for all 
projects on Port property. For such projects, Port engineers, together with construction 
contractors, compiled erosion control plan based on the 1200-CA requirements and the City's 
specifications for erosion control. All erosion control plans were reviewed and approved by BES, 
as well as Port staff. During the permit year, the Port also required that erosion control plans be 
submitted for construction projects with less than 5 acres of soil disturbance. Operating area 
environmental staff reviewed these plans for smaller projects. 

The operating areas continued to conduct erosion control training sessions with Port engineers 
and Port construction inspectors. Staff from ESD and operating areas attended the City's Erosion 
Control Manual Training and incorporated this information into Port-wide training sessions. 
Several departments including Properties Maintenance are in the process of developing a Port 
erosion control plan. Erosion control compliance was also addressed in the Port-wide tenant 
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meetings. Port staff continued to review and approve erosion control plans or tenant 1200-C 
permits prior to the commencement of construction. 

Task 2 - Develop and implement an excavation wastewater discharge program to comply 
with the requirements of the Construction Dewatering Discharge NPDES Permit issued by 
DEQ. 

The Construction Dewatering Discharge NPDES Permit was issued to the Port during the 
previous permit year. Throughout the permit year, ESD and PDX environmental staff have 
continued to work together to develop permit compliance procedures. PDX environmental staff 
remained responsible for de-watering sampling, data compilation, and report submission for 
PDX projects. ESD provided technical oversight and assistance and was responsible for 
managing de-watering projects that occur on PIC property. Tenant construction projects were 
also included in the de-watering permit compliance work and were managed by both PDX staff 
and ESD. 

Dewatering permit compliance procedures included submission of a contractor de-watering plan 
to PDX for review and approval. For tenant projects, a de-watering agreement is written and 
signed by the Port and the tenant. Dewatering samples are collected before any initial discharge 
occurs. The initial samples are analyzed for chemical oxygen demand ("COD"), total suspended 
solids ("TSS"), turbidity, volatile organic compounds ("VOCs"), total petroleum hydrocarbons, 
pH, and benzene, toluene, ethylbenzene, and xylene ("BETX") concentrations. Based on the 
sampling results, the discharge was treated or discharged to the system. For Port projects, the 
discharge was sampled monthly at the point of discharge to the Columbia Slough. For tenant 
projects, the discharge is monitored bimonthly, once at the end of the discharge pipe and once at 
the point of discharge to the Columbia Slough. Data was submitted monthly to DEQ as required 
by the de-watering permit. 

The operating areas completed staff training on de-watering issues and monitoring requirements 
during the previous permit year. Updates to this training and additional training of new personnel 
continued to be provided. For example, the PDX Construction Inspection Group, General 
Maintenance Group, and Engineering Group received training during the Fall of 1999. 
Dewatering specifications also continued to be evaluated and revised as necessary. 

STRI - Structural Water Quality Facilities 

BMP Description: 

When warranted and appropriate, based on available water quality monitoring data, the 
Port will develop procedures for construction, maintenance, and monitoring of water 
quality facilities. 

Status 

The Port continues to participate in, and contribute to, water quality projects designed to improve 
the water quality of the Port and urban jurisdiction storm water runoff. Structural stormwater 
control facilities continue to be installed as part of all Port construction projects. 
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Implemented Activities 

Task I - The Port will track ongoing and planned water quality facility projects and 
improvements. 

The Port continued its involvement in several water quality improvement projects including the 
Leadbetter and Rivergate water quality facilities, the capture and treatment of PSY dry dock 
stormwater runoff, the sampling and analysis of the de-icing runoff at PDX, and the treatment of 
the PDX new economy parking lot runoff. These projects were described in the 1996 annual 
report to D EQ. 

Several stormwater quality structures were installed or modified on Port property during the 
permit year. Marine replaced an oil/water separator at the T -6 equipment wash area and re-routed 
this device to drain to the sanitary sewer system. An oil/water separator that drains to the 
stormwater system was also added at T-4, Berth 401, in the new crane Motor Control Center 
building. PDX added a new stormwater conveyance system with oil/water separators and catch 
basin filters as part of its Year 2000 Runway and Taxiway Improvement Project. Several 
Stormceptors® and similar treatment facilities, including sand filters and bioswales, have been 
installed on the PDX and PIC facilities in association with the Cascade Station and North 
Access/Airport Way projects. Additional filters were also added to the existing oil/water 
separators in the parking garage at PDX. The Properties Maintenance Department also 
constructed a new gravel wash pad at their T-6 facility. 

Task 2 - Existing projects will be evaluated for their effectiveness in reducing the pollutant 
load in stormwater runoff, based on water quality data. 

BMP effectiveness monitoring performed during the permit year included the evaluation of four 
structural stormwater facilities: a Stormceptor®, an oil/water separator, a series of catch basin 
filters, and a treatment swale. The results of this monitoring are presented in Tables 11 
through 24 and discussed in the M 1 - Water Quality Monitoring BMP section of this report. 

IGCI - Inter-Governmental Coordination 

BMP Description: 

Continue Port coordination with applicable agencies working on regulatory aspects of 
water quality protection including watershed management, combined sewer overflows, 
solid waste and recycling, and industrial waste source control. Cooperate with agencies to 
implement new source or non-source control practices where water quality data indicate 
the need for stormwater quality improvements. 

Status 

The Port is actively involved with a variety of environmental agencies and programs including 
the Portland Harbor Cleanup, the Bi-State Task Force, the Lower Columbia Estuary Program, the 
Columbia Slough Watershed Council, neighborhood associations, Oregon ACWA, Department 
of Agriculture, Columbia Corridor Association, Oregon Department of Transportation, American 
Association of Airport Executives, Air Waste Management Association, Metro Water Resources 
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Policy Advisory Committee, Clean Rivers Coalition, Willamette Restoration Initiative, 
Willamette Urban Endangered Species Act Coordination Group, and DEQ technical advisory 
committees. 

Implemented Activities 

Task 1 - The Port will continue to coordinate with relevant government agencies on water 
quality protection activities relevant to Port lands and activities. 

The Port continued to coordinate with other government agencies on water quality protection 
activities relevant to Port properties and activities during the permit year. The Port participated in 
coordinated efforts in a number of projects, including the Radio Towers Mitigation site, and 
continued to work jointly with BES to perform revitalization efforts in and along Columbia 
Slough. Three actions were implemented during the permit year: revegetation of Port property 
along the Columbia Slough and adjacent sloughs, cost sharing in Columbia Slough monitoring 
required by the municipal NPDES permit, and cost sharing in monitoring required by the 
Columbia Slough TMDLs. 

During the permit year, the Port also began development of a Port-wide Endangered Species Act 
4( d) Action Plan. The purpose of the plan is to ensure the compliance with the National Marine 
Fisheries Service's ("NMFS") Final 4( d) Rule published July 10, 2000, provide the background 
information and a decision framework for evaluating the various, ongoing, regional 4( d) rule 
proposals, and to initiate a Port-wide process and develop a comprehensive strategy for 
addressing all ESA compliance issues through responsible environmental stewardship. Included 
in the action plan will be review of all Port-wide and operational activities (including stormwater 
management) to identify any categories of activities may be considered "take" under NMFS 
"take" guidance or may be addressed under the Municipal, Residential, Commercial, and 
Industrial ("MRCI") development limitation evaluation criteria. Findings will provide 
information so that modifications can be made to assure adequate controls are in place to protect 
endangered and threatened species. Potential changes to storm water quality programs will 
continue to be evaluated in order to improve water quality for endangered species and increase 
protection and restoration of fish and wildlife habitat. 

Task 2 - The Port will continue to require its industrial tenants to file for general industrial 
NPDES permits. 

The Port tenants located in the industrial parks and the marine terminals were required to obtain 
stormwater permits either as a co-permittee with the Port or separately. Most of the PDX tenants 
with industrial activities regulated under the NPDES program remain covered under the Port's 
stormwater industrial permit as co-permittees. These co-permittees are required to comply with 
the permit requirements and the BMPs established in the PDX SWPCP. The tenants located at 
PSY are co-permittees on the Cascade General 1200-Z permit. All tenants with permits and all 
co-permittees are listed in Table 1. 

During the permit year, the Port worked cooperatively with the City'S Industrial Storm Water 
Team sharing information concerning tenant industrial activity, drainage areas, and outfalls. The 
team's objective is to bring all regulated industries in the Urban Services Boundary into 

08/25/00 
26 

NWMAR 118808 



Port of Portland NPDES Municipal Penni! Annual Report 

compliance with the stormwater regulations. The I200-COLS permit requires additional 
industrial activities to obtain permits. The Port continued its coordination with the City to help 
identify facilities on Port property that may be affected. 

Task 3 - The Port will evaluate its own water quality protection activities or structures on 
the basis of water quality monitoring results 

The monitoring data collected for the Port's Industrial Storm Water Permits during the permit 
year are included in Tables 2a through 4. During the upcoming permit year, particular attention 
will be focused on developing BMPs in support of the I200-COLS permit that is in effect to 
implement the TMDL. 

Four structural BMPs were evaluated during the permit year. The information collected will be 
available to help support other efforts in BMP effectiveness evaluation through groups such as 
the ACW A. The results will be used by the Port to evaluate the use of structural BMPs for Port 
facilities and development projects. Changes being considered for the BMP effectiveness 
monitoring program for the upcoming permit term include new evaluation methods and 
evaluation of additional structural BMPs. 

Ml - Water Quality Monitoring 

BMP Description: 

The Port will monitor stormwater to characterize typical discharges from the Port's 
municipal system. 

Status 

The Port Storm Water Monitoring Program was updated and submitted to DEQ in April of 1998. 
As previously discussed, the completed program components include Industrial Permit 
stormwater sampling, dry season monitoring, de-icing monitoring, tenant monitoring, and BMP 
effectiveness monitoring. The City has assumed responsibility for collection of the land use 
characterization data required by the Municipal Permit, with the Port providing financial support 
for this effort. 

Implemented Activities 

Monitoring accomplished by the Port during the permit year included Industrial Permit 
compliance monitoring, dry season inspection monitoring, and BMP effectiveness monitoring. 

Industrial Stormwater Monitoring 

The industrial stormwater samples were collected from representative outfalls at PDX, T -6, and 
PSY. The sample analysis represents runoff water quality from a wide range of industrial, 
commercial, and transportation activities on Port property. Sampling was performed by operating 
area staff trained in the sampling and data collection procedures of the Port's MSWMP. The 
Port's stormwater Industrial Permit compliance data are presented in Tables 2a through 4. 
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Tables 5 through 7 contain the calculated pollutant load estimates for the sampled outfalls and 
storm events. These calculations were based on the Rational Method (Q = CIA) using 24-hour 
precipitation data obtained from the City's HYDRA Rainfall Network. 

Dry Season Monitoring 

The Port's 1999-2000 dry season monitoring and sampling results are presented in Tables 9 
and 10, respectively. Operating area staff collected this information using procedures set forth in 
the Port's MSWMP. Based on an evaluation of this information, no significant illicit discharges 
or illegal connections to the Port's portion of the MS4 system were identified during the permit 
year. Flows observed during dry season conditions were typically attributed to groundwater 
seepage or irrigation runoff. 

BMP Effectiveness Monitoring 

The Port's 1999-2000 BMP effectiveness monitoring focused on four BMPs: 1) a Stormceptor® 
water quality manhole at PIC, 2) a set of catch basin filters at PDX, 3) an oil/water separator at 
T-6, and 4) a stormwater treatment swale at the Rivergate industrial park. All of these BMPs 
ultimately discharge into the Columbia. 

The Port collected water quality samples upstream and downstream of these BMPs. Samples 
were processed at a contract laboratory and the results analyzed to determine the change in 
inflow and outflow concentrations of selected constituents. Percent removal and effectiveness of 
the BMPs in removing stormwater pollutants were then evaluated. Monitoring results for each of 
these facilities are discussed below. 

Stormceptor® 

The Stormceptor® unit evaluated is located at PIC in an office and warehousing complex that is 
adjacent to the Columbia Slough. The 16-acre drainage area is characterized by light industrial 
and commercial activities including the loading and unloading of trucks, warehousing, and truck 
staging. Commercial activities are primarily associated with offices and administrative parking 
lots. 

The Stormceptor® is a pollution prevention device that removes oil and water from stormwater in 
place of a conventional manhole. The unit can be divided into two components: the treatment 
chamber and the by-pass chamber. During low or normal conditions, stormwater flows into the 
by-pass chamber via the storm sewer pipe and then diverts into the treatment chamber through a 
weir and drop pipe configuration. Finally, the stormwater flows up through an outlet pipe and 
eventually discharges into the outlet sewer pipe. The Stormceptor® works based on the concept 
that oil and other liquids with a specific gravity less than water will rise in the treatment chamber 
and become trapped since the outlet pipe is submerged. Sediments are left behind in the 
treatment chamber because they settle to the bottom. During high flow conditions, stormwater 
that overflows the weir flows into the outlet sewer pipe instead of into the treatment chamber. 
This flow path helps prevent re-suspension of previously settled solids and heavy metals. 
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The Port collected samples from the inflow and outflow of the Stormceptor® on November 16, 
1999 and May 10, 2000. The results of these sampling efforts are included in Tables 11 through 
15. The results of their analysis are as follows: 

Organics - Measurement of organic substances moving through the Stormceptor® on both sample 
dates were not conclusive. The stormwater did not contain high enough concentrations of organic 
materials to be measurable or meaningful. With these results, the investigators could not 
determine the BMP's effectiveness in removing these storm water constituents. 

Metals - The sample results for metals were inconclusive because of their low concentrations for 
both sample dates. For example, all measurements for lead resulted in non-detectable 
concentrations, except for one low outflow value during the May sampling. The data for zinc and 
copper contradicted each other. Data from the November sampling appeared to indicate a slight 
removal of zinc, whereas the May data appeared to show a slight increase in concentration. The 
copper data had the opposite trend, showing a small increase during November and a small 
decrease during May. 

Solids - Because of the dilute nature of the stormwater samples, TSS concentrations above the 
detection limit (5 mg/L) were only found in one of four samples during the November sample 
event. One effluent sample had a TSS concentration of 15 mg/L. During May, only one of four 
stormwater samples had a detectable reading of 7.5 mg/L for stormwater entering the 
Stormceptor® unit. 

Bacteria - Results from bacterial sampling indicated that some removal of bacteria may be 
occurring as stormwater passes through the Stormceptor®. The bacterial concentrations were 
sufficiently low, however, to make these results unreliable. Biological tests, like those done to 
measure E. Coli, have sufficient variability to mask slight changes in bacterial concentrations. 

Nutrients - The results for total phosphorus and orthophosphate analysis in November indicated 
no removal of either of these compounds by the Stormceptor®. The data for May indicated a 
slight removal of total phosphorus. 

Overall, the stormwater samples from the inflow and outflow of the Stormceptor® unit at PIC 
generally had very low concentrations of all pollutant parameters. All pollutant concentrations 
were below their respective benchmarks in the new 1200-COLS permit. The dilute nature of the 
constituents in these samples made it difficult to analyze the effectiveness of the Stormceptor® 
unit in removing pollutants. Results tended to contradict one another. For example, the 
Stormceptor® appeared be effective at removing metals and solids on one sample date, but not on 
the other, and for one type of metal but not another. The results from these monitoring efforts 
were similar to those from work performed on May 12, 1998. The 1998 data showed very dilute, 
non-detectable concentrations of TSS and oil and grease, and contradictory results for metal 
removals. 

Catch Basin Filters 

The catch basin filters evaluated are located at the Port's maintenance facility in an area that 
receives heavy industrial activity. The surrounding drainage area includes industrial activities 
such as gasoline storage, vehicle refueling, vehicle maintenance, vehicle storage, vehicle and 
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equipment washing, and material storage. Port staff installed Stream Guard® Type II-O filters in 
catch basins in this area to remove storm water pollutants. This type of filter is designed to 
remove oil, grease, and floatables in runoff with low to moderate amounts of sediment. Each unit 
has specially modified hydrophobic and oleophilic polypropylene materials in the bag. As water 
flows through the filter bag, the various components of the unit absorbs oil. The manufacturer 
recommends that the unit be replaced approximately every two to four months. 

Water quality samples were collected from three locations (two inlets and one outlet) to evaluate 
the filter's effectiveness in removing stormwater pollutants. The two inlets are upstream of the 
filters and the outlet is downstream from the filters. These are only two of several inlets that feed 
into the same pipe system. PDX environmental staff collected filter effectiveness samples on 
February 14, 2000 between 1 :50 and 2:30 PM and April 28, 2000 around 2:00 PM. The first 
sampling date was preceded by less than 24 hours of dry weather. At this time, the area around 
the inlets was in good condition overall. However, the filter in Inlet 2 was not properly fitted in 
the catch basin and water was not passing through the filter. The second sampling date was 
preceded by more than 72 hours of dry weather. There was a slight sheen on the water entering 
Inlets 1 and 2 on that day. The results of these sampling efforts are included in Tables 16 through 
18. The results of their analysis are as follows: 

Organics - The catch basin inserts appeared to be performing well in removing organic materials 
in the form of oil and grease. The apparent removal effectiveness is on the order of 40 to 50 
percent. 

Metals - The catch basin filters appeared to be performing well in removing the detectable 
metals: barium and lead. The apparent removal effectiveness is on the order of 60 to 80 percent. 

Solids - The catch basin filters appeared to be performing well in removing solids. The apparent 
removal effectiveness is on the order of 90 percent. 

Despite these results, the removal effectiveness of the catch basin filters could not be precisely 
determined because of the layout of the pipe network. The outflow concentrations are affected 
not only by the performance of the inlet filters, but also by the contributions of stormwater 
constituents and flow from other storm water inlets that are also connected to the same outlet 
pIpe. 

Overall, the inlet filters appeared to be performing well in removing solids, oil and grease, and 
metals. The concentration of stormwater pollutants entering these BMPs at the selected site was 
high enough to allow reasonable estimation of their effectiveness. The physical layout of the pipe 
system; however, precluded precise evaluation of their effectiveness, since the outflow 
concentrations are affected by other sources of flow and pollutants. Proper installation, 
maintenance, and replacement of these filters is necessary to ensure that they continue to perform 
as intended. 

Oil/Water Separator 

The oil/water separator that was monitored is located at T -6 at a fuel island with above ground 
tanks, a concrete fueling pad, and automatic shut off valves. The fuel island itself is located in 
the southwest boundary of the T -6 facility in Drainage Basin 5. Storm water drains from the 
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sloped fuel pad into two catch basins that connect to the oil/water separator. Only stormwater 
from the fuel pad is processed in the separator. The industrial activities occurring in the area that 
drain to the oil/water separator includes vehicle fueling and fuel storage. After the stormwater is 
processed in the oil/water separator, it collects in Drainage Basin 5. The industrial activities 
occurring throughout Drainage Basin 5 include gasoline storage, gasoline transfer, diesel storage 
and transfer, container storage, and maintenance and vehicle storage and maintenance. This basin 
discharges off-site via underground concrete pipe to City of Portland, Marine Drive pipes. The 
discharged water then proceeds across the street to a vacant lot through a temporary swale and 
then into the Columbia Slough through a large temporary dredge pipe approximately 48-inches 
in diameter. 

The purpose of monitoring the oil/water separator is to help determine in-field effectiveness. 
Several variables, such as spills in the area, debris flow, and frequency of maintenance, impact 
the effectiveness of the unit. One of the monitoring objectives is to determine and control some 
of the variables in the system. T -6 environmental staff collected water quality samples from the 
unit's two sampling access points, the inflow pipe and the outflow pipe, on September 14, 1999 
and July 3, 2000. The data from this sampling is presented in Tables 19 through 22. The analysis 
of this data is discussed below. 

Organics - The oil/water separator was effective in removing oil and grease on September 14, 
1999. The high influent concentrations of 150 to 180 mg/L were reduced to non-detectable 
concentrations. The separator removed greater than 95 percent of incoming oil and grease. The 
incoming concentration of oil and grease on July 3, 2000 was too dilute to evaluate effectiveness. 
Both the influent and effluent concentrations were non-detectable at a method reporting limit of 
5 mg/L. 

Solids - The oil/water separator exhibited some effectiveness in removing solids during the July 
sampling event. TSS were reduced from 12 mg/L to 6 mg/L, a reduction of 50 percent. 

The oil/water separator is performing well in removing organic materials in the form of oil and 
grease, especially when these materials are at high concentrations in the influent flow. During 
one of the sampling events, the oil/water separator removed more than 95 percent of the 
incoming oil and grease. The separator appears to be working less effectively in removing 
pollutants when the influent concentrations are lower. The data on toluene and xylene showed an 
increase in concentrations moving through the oil/water separator, perhaps indicating that the 
stormwater is picking up residual materials left in the unit from previous discharges. Regular 
maintenance and cleaning of the oil/water separator will increase its ability to perform as 
intended, and help prevent storm water from picking up leftover residual materials. 

Bioswale 

A swale located near the Ramsey Lake area of Rivergate industrial park receives stormwater 
runoff from adjacent Port property, including undeveloped fields and tenant warehouse areas. 
This swale is approximately 1000 feet long and varies in width from approximately 20 to 40 feet. 
The swale runs parallel to the existing railroad tracks and is vegetated on both banks with 
grasses, shrubs, and other vegetation. Side slopes on the swale are approximately 2.5 horizontal 
to 1 vertical (2.5: 1). Stormwater runoff enters the swale near its southwestern end via an 
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approximately 42-inch diameter concrete culvert. Stormwater travels the length of the swale 
before discharging into the Columbia Slough via an approximately 36-inch diameter corrugated 
metal pipe ("CMP"). 

The original intention for sampling this swale was to evaluate water quality in the swale and its 
relationship to colored water observed on one end of the swale. Therefore, the investigators did 
not attempt to meet the regulatory requirements for storm conditions preceding the sampling. 
However, evaluation of this swale as a BMP seems pertinent to the Port's evaluation of BMP 
effectiveness. The swale receives storm water discharges and removes pollutants through several 
pollutant removal mechanisms including sorption, filtration, sedimentation, and biological 
action. 

The Port collected water quality samples from this swale at the 42-inch diameter culvert 
discharging into the swale and from the 36-inch diameter CMP discharging out of the swale on 
June 12, 2000. It was raining 3 days prior to this date, but ceased on the morning of the 
sampling. Samples were collected between 10 and 11 AM. Data collected during this period are 
shown in Tables 23-24. Sample analysis is discussed below. 

Organics - Organic substances--measured as BOD and oil and grease--were removed as water 
passed through the swale. The BOD test results indicate that the concentration of organic 
materials decreased more than 50 percent as the water passed through the swale. The oil and 
grease measurements showed a slight decrease in their concentration, although the inflow and 
outflow concentrations were both close to the method reporting limit. 

Metals/Color - The concentration of iron and manganese decreased significantly as water passed 
through the swale. The concentration of iron was reduced by approximately 70 percent. The 
concentration of manganese was reduced by approximately 85 percent. The combined evidence 
of the colored, yellowish water, low dissolved oxygen (2 to 3 mg/L), and presence of iron 
bacteria would indicate that water chemistry in the swale is influenced significantly by 
biologically mediated oxidation/reduction and precipitation reactions. These reactions typically 
occur where anaerobic conditions cause iron and manganese to become soluble and enter the 
water column. When conditions change and more oxygen is added to the water, the iron and 
manganese compounds form yellow or rust-colored colloids and precipitates that fall from 
solution. The source of the iron and manganese can be natural, from the rocks and soil, or 
anthropogenic, from metal pipes or industrial materials. The absence of dissolved oxygen in 
water typically occurs as a result of biodegradation of organic materials. 

Solids - The results show that the concentration of TSS decreased as the water passed through 
the swale. The TSS outflow concentration was one third of the TSS inflow concentration. 

Bacteria - The analysis showed the presence of iron bacteria in both inflow and outflow samples. 
The laboratory identified the presence of these bacteria, but did not enumerate them. 

Nutrients - The concentration of total phosphorus increased slightly as water passed through the 
swale. The concentration of sulfate increased as water passed through the swale. Both of these 
conditions may be associated with oxidation-reduction reactions that are occurring 
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simultaneously in the swale, which cause phosphorus and sulfur-containing compounds to 
become soluble. 

Overall, the swale located in the Ramsey Lake area seems to remove many of the pollutants that 
pass through it, making it a useful storm water treatment BMP. Because this swale was not 
constructed for stormwater treatment, it is not optimally designed for this purpose. The swale 
could be improved both in terms of its ability to remove stormwater pollutants and its habitat 
value by modifying slopes, planting appropriate vegetation, and increasing the physical 
complexity of the system. The yellowish water in the swale is associated with iron, manganese, 
and sulfur compounds that form as a result of oxidation-reduction reactions. The dissolved 
oxygen concentrations in the swale water column varied from approximately 2 to 3 mg/L. The 
concentration of dissolved oxygen dropped off in the bottom sediment to approximately 
0.5 to 1 mg/L. The pH of the water in the swale varied from approximately 6.5 near the 
stormwater inlet to approximately 6.8 near the outlet. The bottom sediment was dark, showing 
signs of anaerobic conditions. The water quality conditions in the swale are being influenced by 
complex biochemical reactions associated with the presence of iron, manganese, sulfur, organic 
materials, and the microorganisms that metabolize these compounds. 

LMI - Landscape Maintenance Practices 

BMP Description: 

Review landscaping maintenance practices. Recommend the use of vegetation that reduces 
the need for pesticides, herbicides, fertilizers, and water where practical. 

Status 

The Port continues to review and improve landscape maintenance practices at its operating areas 
and industrial parks. The Port Properties Maintenance crew is responsible for the landscaping 
and maintenance of Port industrial properties as well as the Marine properties. PDX has its own 
maintenance crew for its facility. Both crews attend local agency meetings and work with the 
Department of Agriculture on vegetation management. Properties Maintenance crews also work 
with the Portland Parks and Recreation Department to stay current on pesticide application 
licensing requirements, regulations, and techniques. All chemical applications on Port property 
are conducted by licensed applicators who attend continuing education sessions annually. All 
chemicals are used according to manufacturer instructions. 

Implemented Activities 

Both the POX and Properties Maintenance crews continued to incorporate an integrated pest 
management approach to landscaping during the permit year. A variety of techniques, including 
biological controls, physical controls such as mowing, and native plant selection, were used to 
minimize chemical applications on Port property. Also, intensive field surveys were conducted to 
accurately assess pest conditions, and thus limit unnecessary chemical applications. Other 
implemented practices include the use of mulching, composting, aeration, slow-release 
fertilizers, and drip irrigation where applicable. 

Throughout the permit year, the Properties Maintenance crew continued to play an active role in 
wetland mitigation. The crew continued involvement in three wetland mitigation projects in the 
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Rivergate and Swan Island industrial parks, performing a variety of landscape planting and 
general maintenance duties. PDX also began working on a plan to re-vegetate a damaged 
bioswale that receives drainage from the airport's Economy parking facilities. 

The Properties Maintenance BMP implemented during the permit term also addressed several 
landscape related issues, including chemical handling practices and landscape construction 
practices. The Properties Maintenance crew, for example, is required to clean up all liquid 
herbicide spills on roadways, remove turf edgings from roadways, and implement appropriate 
erosion control measures in landscape construction. 
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TABLE 1 
PORT OF PORTLAND TENANT NPDES PERMIT STATUS 

I.:.'!]: ,~ , ;,,1::1 .1 I: iICi!i$ATJ..".I'·lIlIl\II *:;"i;il',;~ ::J .LdDi;~Emw1fj!I~' : ;;~i _iN' ,": II" ";' jCi!il< 
" ,.' .. , .. III .. tllil:J.:.iIIl,.QWl1n 

! Portland International 
Airport 

533 MA L.L.C. Yes 1200-COLS 
AirBC Yes 1200-COLS, De-icing 
Airborne Express Yes 1200-COLS, De-icing 
Aircraft Services International Yes 1200-COLS 
Group 
Airport Terminal Services, Inc. Yes 1200-COLS, De-icing 
Alaska Airlines Yes 1200-COLS, De-icing 
America West Airlines Yes 1200-COLS, De-icing 
American Airlines Yes 1200-COLS, De-icing 
Ameriflight Yes 1200-COLS, De-icing 
Avis Rent-A-Car Yes 1200-COLS 
BAXGlobal Yes 1200-COLS, De-icing 
Bonneville Power Association Yes 1200-COLS 
Budget Rent-A-Car Yes 1200-COLS 
Cargo lux Yes 1200-COLS, De-icing 
Continental Airlines Yes 1200-COLS, De-icing 
Delta Airlines, Inc. Yes 1200-COLS, De-icing 
Dobbs International Services Yes 1200-COLS 
Dollar Rent-A-Car Yes 1200-COLS 

, Dynair Yes 1200-COLS 
Emery Worldwide (Cargo) Yes 1200-COLS, De-icing 
Emery Worldwide Airlines Yes 1200-COLS, De-icing 
Empire Airlines Yes 1200-COLS, De-icing 
Evergreen Aviation Ground Yes 1200-COLS, De-icing 
Logistics, Inc. 
Express One International Yes 1200-COLS, De-icing 
Federal Express Corporation Yes 1200-COLS, De-icing 
Flightcraft, Inc. Yes 1200-COLS, De-icing 
Frontier Airlines Yes 1200-COLS, De-icing 
Harbor Air, Inc. Yes 1200-COLS, De-icing 
Hawaiian Airlines Yes 1200-COLS, De-icing 
Hertz Corporation Yes 1200-COLS 
Horizon Air Industries, Inc. Yes 1200-COLS, De-icing 
Jet Stream Northwest Yes 1200-COLS, De-icing 
Kitty Hawk Aircargo, Inc. Yes 1200-COLS, De-icing 
LSG/Sky Chefs Yes 1200-COLS 
National Car Rental Yes 1200-COLS 
Nippon Cargo Airlines Yes 1200-COLS, De-icing 
Northwest Airlines Yes 1200-COLS, De-icing 
Ogden Aviation Yes 1200-COLS 
Oregon Air National Guard No, Independent 1200-COLS 

1700-A (engine washing) 
De-icing 

PacifiCorp Trans, Inc. Yes 1200-COLS 
Portland Fueling Facilities Corp. Yes 1200-COLS 
RSG Forest Products Yes 1200-COLS 

NWMAR118818 



TABLE 1 
PORT OF PORTLAND TENANT NPDES PERMIT STATUS (Cont.) 

Portland Ship Repair 
Yard 

T-2 

T-6 

Stevedoring Services of America, 
Inc. 

Port of Portland 

No 1200-Z 

No 
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TABLE 1 
PORT OF PORTLAND TENANT NPDES PERMIT STATUS (Cont.) 

Swan Island Eastern Oregon Fast Freight Truck No l200-T 
Line 
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TABLE 2a 
POX 1999 - 2000 1200-T NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

M "t. L f Onl onng oca Ion: 

Reporting Period: July 1,1999 - February 10, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No.1 07220 

POX B . N 1 aSIn o. 
Monitoring Analytical Method Discharge Fall Sampling Event 1 

Parameter Method Reporting Limitations November 9, 1999 

Limit 
General Concentrations in Milligrams per Liter (mg/L) 
Chemistry: 
Total Suspended EPA 160.2 10.0 N/A 10.0 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.0350 N/A 0.158 
Total Organic EPA415.1 3.00 N/A 8.22 
Carbon (TOC) 
Chemical Oxygen EPA 410.4 5.00 N/A 19.5 
Demand (COD) 
Oil and Grease NWTPH-Dx2 0.250 10 ND 

Diesel Range 

0.500 ND 
Heavv Oil Range 

pH N/A N/A 6-9 SU 7.13 
Metals: 

Arsenic 200.8 0.00100 N/A 0.00160 
: Cadmium 200.8 0.00100 N/A ND 
i Chromium 200.8 0.00100 N/A 0.00160 
Copper 200.8 0.00200 N/A 0.00440 
Lead 200.8 0.00100 N/A ND 
Mercury 245.1 0.000200 N/A ND 
Nickel 200.8 0.00200 N/A 0.00330 
Zinc 200.8 0.00500 N/A 0.0175 
1 Chemical analyses performed by North Creek Analytical, Beaverton, Oregon. 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2b 
PDX 1999 - 2000 1200-T NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

M 't' L f Onl orlng oca Ion: 

Reporting Period: July 1, 1999 - February 10, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

POX B . N 2 asm o. 
Monitoring Analytical Method Discharge Fall Sampling Event 1 

Parameter Method Reporting Limitations November 9, 1999 

Limit 
General Concentrations in Milligrams per liter (mg/L) 
Chemistry: 
Total Suspended EPA 160.2 10.0 N/A ND 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.0350 N/A 0.0838 
Total Organic EPA 415.1 3.00 N/A 9.09 
Carbon (TOC) 
Chemical Oxygen EPA 410.4 5.00 N/A 24.3 
Demand (COD) 
Oil and Grease NWTPH-Dx<! 0.250 10 ND 

Diesel Range 

0.500 ND 
Heavy Oil Range 

pH N/A N/A 6-9 SU 7.6;J 
Metals: 
Arsenic 200.8 0.00100 N/A ND 
Cadmium 200.8 0.00100 N/A ND 
Chromium 200.8 0.00100 N/A 0.00160 
Copper 200.8 0.00200 N/A 0.00800 
Lead 200.8 0.00100 N/A 0.00240 
Mercury 245.1 0.000200 N/A ND 
Nickel 200.8 0.00200 N/A ND 
Zinc 200.8 0.00500 N/A 0.0553 
"I 

Chemical analyses performed by North Creek Analytical, Beaverton, Oregon. 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 

NWMAR 118822 



TABLE 2c 
POX 1999 - 2000 1200-T NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

M ·t· L f om onng oca Ion: 

Reporting Period: July 1,1999 - February 10, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

POX B . N 4 aSln o. 
Monitoring Analytical Method Discharge Fall Sampling Event 1 

Parameter Method Reporting Limitations November 9, 1999 

Limit 
General Concentrations in Milligrams per Liter (mg/L) 
Chemistry: 
Total Suspended EPA 160.2 10.0 N/A 18.0 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.0350 N/A 0.179 
Total Organic EPA415.1 3.00 N/A 11.1 
Carbon (TOC) 
Chemical Oxygen EPA 410.4 5.00 N/A 30.5 
Demand (COD) 
Oil and Grease NWTPH-Dx2 0.250 10 NO 

Diesel Range 

0.500 NO 
Heavy Oil Range 

pH N/A N/A 6-9 SU 7.63 

Metals: 
Arsenic 200.8 0.00100 N/A NO 
Cadmium 200.8 0.00100 N/A 0.00140 
Chromium 200.8 0.00100 N/A 0.00160 
Copper 200.8 0.00200 N/A 0.0131 
Lead 200.8 0.00100 N/A 0.00320 
Mercury 245.1 0.000200 N/A NO 
Nickel 200.8 0.00200 N/A 0.00290 
Zinc 200.8 0.00500 N/A 0.0854 
1 ChemIcal analyses performed by North Creek AnalytIcal, Beaverton, Oregon. 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2d 
POX 1999 - 2000 1200-T NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

M "t. L f Onl onng oca Ion: 

Reporting Period: July 1, 1999 - February 10, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

POX B . N 6 aSIn o. 
Monitoring Analytical Method Discharge Fall Sampling Event 1 

Parameter Method Reporting Limitations November 9, 1999 

Limit 
General Concentrations in Milligrams per Liter (mg/L) 
Chemistry: 
Total Suspended EPA 160.2 10.0 N/A 17.0 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.0350 N/A 0.512 
Total Organic EPA415.1 3.00 N/A 12.4 
Carbon (TOC) 
Chemical Oxygen EPA 410.4 5.00 N/A 32.9 
Demand (COD) 
Oil and Grease NWTPH-Dx2 0.250 10 NO 

Diesel Range 

0.500 NO 
Heavy Oil Range 

pH N/A N/A 6-9 SU 7.2"S 
Metals: 
Arsenic 200.8 0.00100 N/A 0.00340 
Cadmium 200.8 0.00100 N/A 0.00210 
Chromium 200.8 0.00100 N/A 0.00130 
Copper 200.8 0.00200 N/A 0.0104 
Lead 200.8 0.00100 N/A 0.00170 
Mercury 245.1 0.000200 N/A NO 
Nickel 200.8 0.00200 N/A 0.00490 
Zinc 200.8 0.00500 N/A 0.0399 
1 Chemical analyses performed by North Creek Analytical, Beaverton, Oregon. 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2e 
PDX 1999 - 2000 1200-T NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

M omtonng L f oca Ion: 

Reporting Period: July 1, 1999 - February 10, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

POX B . N 7 asm o. 
Monitoring Analytical Method Discharge Fall Sampling Event 1 

Parameter Method Reporting Limitations November 9,1999 

Limit 
General Concentrations in Milligrams per Liter (mg/L) 
Chemistry: 
Total Suspended EPA 160.2 10.0 N/A 35.0 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.0350 N/A 0.340 
Total Organic EPA415.1 3.00 N/A 11.6 
Carbon (TOC) 
Chemical Oxygen EPA 410.4 5.00 N/A 31.5 
Demand (COD) 
Oil and Grease NWTPH-Dx2 0.250 10 NO 

Diesel RanQe 

0.500 NO 
Heavy Oil Range 

pH N/A N/A 6-9 SU 7.1;j 
Metals: 

Arsenic 200.8 0.00100 N/A 0.00140 
I Cadmium 200.8 0.00100 N/A 0.00140 

Chromium 200.8 0.00100 N/A 0.00230 
Copper 200.8 0.00200 N/A 0.0140 
Lead 200.8 0.00100 N/A 0.00510 
Mercury 245.1 0.000200 N/A NO 
Nickel 200.8 0.00200 N/A 0.00360 
Zinc 200.8 0.00500 N/A 0.131 
1 Chemical analyses performed by North Creek Analytical, Beaverton, Oregon. 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2f 
PDX 1999 - 2000 1200-T NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

M 't' L f om onng oca Ion: 

Reporting Period: July 1, 1999 - February 10, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

POX B . N 8 aSIn o. 
Monitoring Analytical Method Discharge Fall Sampling Event 1 

Parameter Method Reporting Limitations November 9, 1999 

Limit 
General Concentrations in Milligrams per Liter (mg/L) 
Chemistry: 
Total Suspended EPA 160.2 10.0 N/A 35.0 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.0350 N/A 0.228 
Total Organic EPA415.1 3.00 N/A 12.2 
Carbon (TOC) 
Chemical Oxygen EPA 410.4 5.00 N/A 28.4 
Demand (COD) 
Oil and Grease NWTPH-Dx2 0.250 10 ND 

Diesel Range 

0.500 ND 
Heavy Oil Range 

pH N/A N/A 6-9 SU 8.2J 
Metals: 
Arsenic 200.8 0.00100 N/A ND 
Cadmium 200.8 0.00100 N/A ND 
Chromium 200.8 0.00100 N/A 0.00170 
Copper 200.8 0.00200 N/A 0.00950 
Lead 200.8 0.00100 N/A 0.00160 
Mercury 245.1 0.000200 N/A ND 
Nickel 200.8 0.00200 N/A 0.00350 
Zinc 200.8 0.00500 N/A 0.0233 
1 Chemical analyses performed by North Creek Analytical, Beaverton, Oregon. 
2 NWTPH-Dx analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2g 
POX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M "t. L f om orlng oca Ion: POX B . N 1A asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (BODS) 
Oil and Grease NWTPH- 0.25 10 

Dx2 Diesel Range 
0.50 

Heavy Oil Range 
pH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3, 2000 

13 

0.21 
58 

ND 

ND 

ND 

7.1;j 

ND 
ND 

0.016 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2h 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11,2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M "t. L f Onl orlng oca Ion: POX B . N 1B asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (BODS) 
Oil and Grease NWTPH- 0.25 10 

Dx2 Diesel Range 
0.50 

Heavy Oil Range 
pH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3, 2000 

138 

0.42 
1990 (collected 5/3/00) 
313 (collected 6/26/00) 

NO 

NO 

NO 

7.13 

0.017 
0.016 
0.041 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 

NWMAR 118828 



TABLE 2i 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M "t. L f om orlng oca Ion: POX B . N 2 asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/1 00 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (B005) 
Oil and Grease NWTPH- 0.25 10 

Ox2 Diesel Range 
0.50 

Heavy Oil Range 
RH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3,2000 

13 

0.16 
261 

6 

NO 

0.660 

7.23 

NO 
0.002 
0.042 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2j 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M ·t· L f onl onng oca Ion: POX B . N 4 asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (BOD5) 
Oil and Grease NWTPH- 0.25 10 

Dx2 Diesel Range 
0.50 

Heavy Oil Range 
pH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3,2000 

23 

0.16 
75 

4 

NO 

0.870 

6.9;) 

0.012 
NO 

0.056 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 2k 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M "t. L om orlng ocatlon: POX B . N 5 asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (BOD5) 
Oil and Grease NWTPH- 0.25 10 

Dx2 Diesel Range 
0.50 

Heavy Oil Range 
l)H 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3, 2000 

20 

0.15 
91 

ND 

ND 

ND 

7.2"J 

ND 
ND 

0.017 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 
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TABLE 21 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11,2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M "t. L f Onl orlng oca Ion: POX B . N 6 asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (B005) 
Oil and Grease NWTPH- 0.25 10 

Ox2 Diesel Range 
0.50 

Heavy Oil Range 
pH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3, 2000 

14 

0.27 
178 

NO 

NO 

NO 

7.0;J 

NO 
NO 

0.018 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 

NWMAR 118832 



TABLE 2m 
POX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 
Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

M "t. L f om onng oca Ion: POX B . N 7 asm o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (BODS) 
Oil and Grease NWTPH- 0.25 10 

Ox2 Diesel Range 
0.50 

Heavy Oil Range 
pH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3, 2000 

16 

0.24 
1120 

7 

NO 

1.1 

7.03 

0.013 
NO 

0.108 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 

NWMAR 118833 



TABLE 2n 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING ,REPORT 

M 't' L f om orlng oca Ion: 

Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

POX B . N 8 aSln o. 
Monitoring Analytical I Method Benchmark 
Parameter Method Reporting Limit 

Concentrations in Milligrams per Liter (mg/L) 
General Chemistry: 
Total Suspended EPA 160.2 5 50 
Solids (TSS) 
Total Phosphorus EPA 365.3 0.01 0.16 
E. Coli SM 9223B 1.1 406 counts/100 ml 

Units: MPN/100ml 
Biological Oxygen EPA 405.1 4 33 
Demand 5 (BODS) 

I Oil and Grease NWTPH- 0.25 10 
Ox2 Diesel Range 

0.50 
Heavy Oil Range 

pH 150.1 N/A 6.5-8.5 SU 
Metals: 
Copper EPA 200.7 0.010 0.036 
Lead EPA 239.2 0.002 0.006 
Zinc EPA 200.7 0.010 0.24 

Spring Sampling Event 1 

May 3, 2000 

38 (collected at 0845) * 

48 (collected at 1245) * 

0.23 
261 

4 (collected at 0845) * 

8 (collected at 1245) * 

NO 

NO 

7.3J 

NO 
NO 

0.022 

1 Chemical analyses performed by Columbia Analytical Services, Inc., Kelso, WA 
2 NWTPH-Ox analysis conducted without organic cleanup 
3 pH measured in field using a Oakton ® pHTestr 2 meter and is reported in standard 
pH units. 

NO = Not detected at the method reporting limit 
N/A = Not applicable or not established 

*Samples analyzed twice for same parameters due to miscommunication with lab 

NWMAR 118834 



TABLE 20 
PDX 1999 - 2000 1200-COLS NPDES STORMWATER DISCHARGE PERMIT 

SCHEDULE B MONITORING REPORT 

Temperature Data 

Site 
Basin 1A 
Basin 1B 
Basin 2 
Basin 4 
Basin 5 
Basin 6 
Basin 7 
Basin 8 

Basin 9A 
Basin 9B 
Basin 1A 
Basin 1B 
Basin 2 
Basin 4 
Basin 5 
Basin 6 
Basin 7 
Basin 8 

Basin 9A 
Basin 9B 
Basin 1A 
Basin 1B 
Basin 2 
Basin 4 
Basin 5 
Basin 6 
Basin 7 
Basin 8 

Basin 9A 
Basin 9B 

Reporting Period: February 11, 2000 - June 30, 2000 

Port of Portland 
Portland International Airport, Portland, Oregon 

File No. 107220 

Date Benchmark Measurement (OF) 
4/12/00 Report 54 
4/12/00 Report 71 
4/12/00 Report 58 
4/12/00 Report 60 
4/12/00 Report 62 
4/12/00 Report 61 
4/12/00 Report 65 
4/12/00 Report 62 
4/12/00 Report 56 
4/12/00 Report 57 
5/17/00 Report 55 
5/17/00 Report 57 
5/17/00 Report 58 
5/17/00 Report 59 
5/17/00 Report 59 
5/17/00 Report 59 
5/17/00 Report 56 
5/17/00 Report 57 
5/17/00 Report 56 
5/17/00 Report 58 
6/14/00 Report 64 
6/14/00 Report 59 
6/14/00 Report 65 
6/14/00 Report 65 
6/14/00 Report 65 
6/14/00 Report 69 
6/14/00 Report 62 
6/14/00 Report 64 
6/14/00 Report 62 
6/14/00 Report 62 

NWMAR 118835 



TABLE 3 
T-6 1999 - 2000 1200-Z NPDES STORM WATER DISCHARGE PERMIT 

INDUSTRIAL STORMWATER MONITORING REPORT 

EPA Permit 1st Sampling 2nd Sampling 

T -6 Location Parameters Method MRL Benchmark 15-Nov-99 8-May-00 

Manhole 1 TSS 160.2 10 130 mg/L 79 mg/L 67 mg/L 

Outfall L (8605) pH 5.5 - 9 S.U. 6.4 6.71 

Oil and Grease 413.1 5 10 mg/L 25 mg/L 3.7 mg/L 

Total Copper 6010A 0.005 0.1 mg/L 0.032 mg/L 0.038 mg/L 

Total Lead 7421 0.002 0.4 mg/L 0.057 mg/L 0.041 mg/L 

Total Zinc 6010A 0.01 0.6 mg/L 0.721 mg/L 0.679 mg/L 

Foam/Debris No Visible No Visible No Visible 

Oil/Grease Sheen No Visible No Visible Slight -None 

EPA Permit 1st Sampling 2nd Sampling 

T -6 Location Parameters Method MRL Benchmark 15-Nov-99 8-May-00 

Manhole 2 TSS 160.2 10 130 mg/L ND 43 mg/L 

Outfall M (CDC) pH 5.5 - 9 S.U. 7 6.88 

Oil and Grease 413.1 5 10 mg/L 7 mg/L ND 

Total Copper 6010A 0.005 0.1 mg/L 0.012 mg/L 0.014 mg/L 

Total Lead 7421 0.002 0.4 mg/L 0.006 mg/L 0.005 mg/L 

Total Zinc 6010A 0.01 0.6 mg/L 0.252 mg/L 0.069 mg/L 

Foam/Debris No Visible No Visible No Visible 

Oil/Grease Sheen No Visible No Visible No Visible 

EPA Permit 1st Sampling 2nd Sampling 

T -6 Location Parameters Method MRL Benchmark 15-Nov-99 8-May-00 

Manhole 3 TSS 160.2 10 130 mg/L 43 mg/L 104 mg/L 

Outfall 0 (8603) pH 5.5 - 9 S.U. 6.3 6.92 

Oil and Grease 413.1 5 10 mg/L 8 mg/L 2.22 mg/L 

Total Copper 6010A 0.005 0.1 mg/L 0.027 mg/L 0.037 mg/L 

Total Lead 7421 0.002 0.4 mg/L 0.032 mg/L 0.076 mg/L 

Total Zinc 6010A 0.01 0.6 mg/L 0.388 mg/L 0.566 mg/L 

Foam/Debris No Visible No Visible No Visible 

Oil/Grease Sheen No Visible No Visible No Visible 

NWMAR 118836 



TABLE 3 
T-6 1999 - 2000 1200-Z NPDES STORM WATER DISCHARGE PERMIT 

INDUSTRIAL STORMWATER MONITORING REPORT (CONT.) 

EPA Permit 1st Sampling 2nd Sampling 

T -6 Location Parameters Method MRL Benchmark 15-Nov-99 8-May-OO 

Manhole 4 TSS 160.2 10 130 mg/L 25 mg/L 34 mg/L 

Outfall K (8606) pH 5.5 - 9 S.U. 6.2 7.09 

Oil and Grease 413.1 5 10 mg/L 9 mg/L 2.32 mg/L 

Total Copper 6010A 0.005 0.1 mg/L 0.015 mg/L 0.016 mg/L 

Total Lead 7421 0.002 0.4 mg/L 0.021 mg/L 0.018 mg/L 

Total Zinc 6010A 0.01 0.6 mg/L 0.311 mg/L 0.396 mg/L 

Foam/Debris No Visible No Visible No Visible 

Oil/Grease Sheen No Visible No Visible No Visible 

NWMAR 118837 
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TABLE 4 
PSY 1999 - 2000 1200-Z NPDES STORM WATER DISCHARGE PERMIT 

INDUSTRIAL STORMWATER MONITORING REPORT 

ANALYTE UNITS EPA Sample 
METHOD Point 1 

12/15/99 
Chemistry 

pH su 150.1/904 5.5a 
OA 

TSS mg/L 160.2 19 
Oil & Grease mg/L 413.1 6.1 

Metals 
Copper mg/L 200.8 0.2 

Lead mg/L 200.8 <0.1 
Zinc mg/L 200.8 0.56 

Notes: 
ND: Not detected at indicated reporting limit 
mg/L: Milligrams per liter 
su: Standard Units 
Bold indicates results higher than 
benchmark 
a - tested by pH strip 

5/9/00 5/10/00 

7.03 6.64 

131 42 
5.1 ND 

0.785 0.421 
0.0706 0.028 

1.72 0.638 

Sample Sample 
Point 2 Point 3 

12/15/99 5/9/00 5/10/00 12/15/99 5/9/00 5/10/00 

5a 6.9 6.62 5a 6.9 8.09 

20 110 132 49 87 15 
7.2 ND ND 7.7 ND ND 

0.25 1.24 2.14 0.25 0.821 0.155 
<0.1 0.101 0.0695 <0.1 0.0635 0.01 
0.55 2.11 2.33 3.2 2.58 0.463 

Permit 
Benchmark 

5.5-9.0 

130 
10 

0.1 

0.4 
0.6 
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR PDX 

LOAD CALCULATIONS BASED ON Q-CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mg/l) Co-efficient I A 

C (in./hr.) (acres) 

POX Basin 1 11/9/1999 COO 19.5 0.225 0.018 1029 
POX Basin 1 11/9/1999 TSS 10 0.225 0.018 1029 
POX Basin 1 11/9/1999 Oil & Grease NO 
POX Basin 1 11/9/1999 Phosphorus 0.158 0.225 0.018 1029 
POX Basin 1 11/9/1999 TOC 8.22 0.225 0.018 1029 
POX Basin 1 11/9/1999 Arsenic 0.0016 0.225 0.018 1029 
POX Basin 1 11/9/1999 Cadmium NO 
POX Basin 1 11/9/1999 Chromium 0.0016 0.225 0.018 1029 
POX Basin 1 11/9/1999 Copper 0.004 0.225 0.018 1029 
POX Basin 1 11/9/1999 Lead NO 
POX Basin 1 11/9/1999 Mercury NO 
POX Basin 1 11/9/1999 Nickel 0.0033 0.225 0.018 1029 
POX Basin 1 11/9/1999 Zinc 0.0175 0.225 0.018 1029 

POX Basin 1A 5/3/2000 B005 NO 
POX Basin 1A 5/3/2000 TSS 13 0.225 0.005 1029 
POX Basin 1A 5/3/2000 Oil & Grease NO 
POX Basin 1A 5/3/2000 Phosphorus 0.21 0.225 0.005 1029 
POX Basin 1A 5/3/2000 E. Coli 58 0.225 0.005 1029 
POX Basin 1A 5/3/2000 Copper NO 
POX Basin 1A 5/3/2000 Lead NO 
POX Basin 1A 5/3/2000 Zinc 0.016 0.225 0.005 1029 

POX Basin 1B 5/3/2000 B005 NO 
POX Basin 1B 5/3/2000 TSS 138 0.225 0.005 1029 
POX Basin 1B 5/3/2000 Oil & Grease NO 
POX Basin 1B 5/3/2000 Phosphorus 0.42 0.225 0.005 1029 
POX Basin 1B 5/3/2000 E. Coli 1990 0.225 0.005 1029 
POX Basin 1B 5/3/2000 Copper 0.036 0.225 0.005 1029 
POX Basin 1B 5/3/2000 Lead 0.006 0.225 0.005 1029 
POX Basin 1B 5/3/2000 Zinc 0.24 0.225 0.005 1029 

Basin 1 Outfall = M002 
* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Oetect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

4.085 352983.01 9996478.98 
4.085 352983.01 9996478.98 

4.085 352983.01 9996478.98 
4.085 352983.01 9996478.98 
4.085 352983.01 9996478.98 

4.085 352983.01 9996478.98 
4.085 352983.01 9996478.98 

4.085 352983.01 9996478.98 
4.085 352983.01 9996478.98 

1.265 109256.64 3094148.25 

1.265 109256.64 3094148.25 
1.265 109256.64 3094148.25 

1.265 109256.64 3094148.25 

1.265 109256.64 3094148.25 

1.265 109256.64 3094148.25 
1.265 109256.64 3094148.25 
1.265 109256.64 3094148.25 
1.265 109256.64 3094148.25 
1.265 109256.64 3094148.25 

Load 
(mg) 

194931340 
99964790 

1579444 
82171057 

15994 

15994 
39986 

32988 
174938 

40223927 

649771 
179460599 

49506 

426992459 

1299542 
6157355032 

111389 
18565 

742596 
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR POX (CONT.) 

LOAD CALCULATIONS BASED ON Q=CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mg/l) Co-efficient I A 

C (in.lhr.) (acres) 

POX Basin 2 11/9/1999 COD 24.3 0.525 0.018 250 
PDX Basin 2 11/9/1999 TSS ND 
PDX Basin 2 11/9/1999 Oil & Grease ND 
PDX Basin 2 11/9/1999 Phosphorus 0.0838 0.525 0.018 250 
PDX Basin 2 11/9/1999 TOC 9.09 0.525 0.018 250 
PDX Basin 2 11/9/1999 Arsenic ND 
PDX Basin 2 11/9/1999 Cadmium ND 
PDX Basin 2 11/9/1999 Chromium 0.0016 0.525 0.018 250 
PDX Basin 2 11/9/1999 Copper 0.008 0.525 0.018 250 
PDX Basin 2 11/9/1999 Lead 0.0024 0.525 0.018 250 
PDX Basin 2 11/9/1999 Mercury ND 
PDX Basin 2 11/9/1999 Nickel ND 
PDX Basin 2 11/9/1999 Zinc 0.0553 0.525 0.018 250 

PDX Basin 2 5/3/2000 BOD5 6 0.525 0.005 250 
PDX Basin 2 5/3/2000 TSS 13 0.525 0.005 250 
PDX Basin 2 5/3/2000 Oil & Grease 0.66 0.525 0.005 250 
PDX Basin 2 5/3/2000 Phosphorus 0.16 0.525 0.005 250 
PDX Basin 2 5/3/2000 E. Coli 261 0.525 0.005 250 
PDX Basin 2 5/3/2000 Copper ND 
PDX Basin 2 5/3/2000 Lead 0.002 0.525 0.005 250 
PDX Basin 2 5/3/2000 Zinc 0.042 0.525 0.005 250 

--- ----- .L 

Basin 2 Outfall = MDD3 
* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft.lsec.) 

2.316 200103.75 5666938.2 

2.316 200103.75 5666938.2 
2.316 200103.75 5666938.2 

2.316 200103.75 5666938.2 
2.316 200103.75 5666938.2 
2.316 200103.75 5666938.2 

2.316 200103.75 5666938.2 

0.717 61936.875 1754052.3 
0.717 61936.875 1754052.3 
0.717 61936.875 1754052.3 
0.717 61936.875 1754052.3 
0.717 61936.875 1754052.3 

0.717 61936.875 1754052.3 
0.717 61936.875 1754052.3 

---- ~---

Load 
(mg) 

137706598.3 

474889.4212 
51512468.24 

9067.10112 
45335.5056 
13600.65168 

313381.6825 

10524313.8 
22802679.9 
1157674.518 
280648.368 
457807650.3 

3508.1046 
73670.1966 
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR PDX (CONT.) 

LOAD CALCULATIONS BASED ON Q=CIA 
Location Outfall Date Pollutant Amount Runoff Intensity Area* 

(mgtl) Co-efficient I A 
C (in.lhr.) (acres) 

POX Basin 4 11/9/1999 COO 30.5 0.525 0.018 49 
POX Basin 4 11/9/1999 TSS 18 0.525 0.018 49 
POX Basin 4 11/9/1999 Oil & Grease NO 
POX Basin 4 11/9/1999 Phosphorus 0.179 0.525 0.018 49 
POX Basin 4 11/9/1999 TOC 11.1 0.525 0.018 49 
POX Basin 4 11/9/1999 Arsenic NO 
POX Basin 4 11/9/1999 Cadmium 0.0014 0.525 0.018 49 
POX Basin 4 11/9/1999 Chromium 0.0016 0.525 0.018 49 
POX Basin 4 11/9/1999 Copper 0.0131 0.525 0.018 49 
POX Basin 4 11/9/1999 Lead 0.0032 0.525 0.018 49 
POX Basin 4 11/9/1999 Mercury NO 
POX Basin 4 11/9/1999 Nickel 0.0029 0.525 0.018 49 
POX Basin 4 11/9/1999 Zinc 0.0854 0.525 0.018 49 

POX Basin 4 5/3/2000 B005 4 0.525 0.005 49 
POX Basin 4 5/3/2000 TSS 23 0.525 0.005 49 
POX Basin 4 5/3/2000 Oil & Grease 0.87 0.525 0.005 49 
POX Basin 4 5/3/2000 Phosphorus 0.16 0.525 0.005 49 
POX Basin 4 5/3/2000 E. Coli 75 0.525 0.005 49 
POX Basin 4 5/3/2000 Copper 0.012 0.525 0.005 49 
POX Basin 4 5/3/2000 Lead NO 
POX Basin 4 5/3/2000 Zinc 0.056 0.525 0.005 49 

Basin 4 Outfall = SS03PP 
* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft.lsec.) 

0.454 39220.335 1110719.88 
0.454 39220.335 1110719.88 

0.454 39220.335 1110719.88 
0.454 39220.335 1110719.88 

0.454 39220.335 1110719.88 
0.454 39220.335 1110719.88 
0.454 39220.335 1110719.88 
0.454 39220.335 1110719.88 

0.454 39220.335 1110719.88 
0.454 39220.335 1110719.88 

0.141 12139.627 343794.250 
0.141 12139.627 343794.250 
0.141 12139.627 343794.250 
0.141 12139.627 343794.250 
0.141 12139.627 343794.250 
0.141 12139.627 343794.250 

0.141 12139.627 343794.250 

Load 
(mg) 

33876956.56 
19992957.97 

198818.8598 
12328990.75 

1555.007842 
1777.15182 

14550.43052 
3554.303639 

3221.087673 
94855.47837 

1375177.003 
7907267.768 
299100.9982 
55007.08013 
25784568.81 
4125.53101 

19252.47804 
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR POX (CONT.) 

LOAD CALCULATIONS BASED ON Q=CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mgll) Co-efficient I A 

C (in./hr.) (acres) 

POX Basin 5 513/2000 B005 NO 
POX Basin 5 5/3/2000 TSS 20 0.643 0.005 476 
POX Basin 5 5/3/2000 Oil & Grease NO 
POX Basin 5 5/3/2000 Phosphorus 0.15 0.643 0.005 476 
POX Basin 5 5/3/2000 E. Coli 91 0.643 0.005 476 
POX Basin 5 5/3/2000 Copper NO 
POX Basin 5 5/3/2000 Lead NO 
POX Basin 5 5/3/2000 Zinc 0.017 0.643 0.005 476 

"-----

Basin 5 Outfall = SS12500 
* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

1.672 144433.4 4090356.41 

1.672 144433.4 4090356.41 
1.672 144433.4 4090356.41 

1.672 144433.4 4090356.41 

Load 
(mg) 

8E+07 

613553.4621 
4E+08 

69536.05904 
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR POX (CONT.) 

LOAD CALCULATIONS BASED ON Q-CIA 
Location Outfall Date Pollutant Amount Runoff Intensity Area* 

(mg/l) Co-efficient I A 
C (in.lhr.) (acres) 

POX Basin 6 11/9/1999 COD 32.9 0.643 0.018 476 
POX Basin 6 11/9/1999 TSS 17 0.643 0.018 476 
POX Basin 6 11/9/1999 Oil & Grease NO 
POX Basin 6 11/9/1999 Phosphorus 0.512 0.643 0.018 476 
POX Basin 6 11/9/1999 TOC 12.4 0.643 0.018 476 
POX Basin 6 11/9/1999 Arsenic 0.0034 0.643 0.018 476 
POX Basin 6 11/9/1999 Cadmium 0.0021 0.643 0.018 476 
POX Basin 6 11/9/1999 Chromium 0.0013 0.643 0.018 476 
POX Basin 6 11/9/1999 Copper 0.0104 0.643 0.018 476 
POX Basin 6 11/9/1999 Lead 0.0017 0.643 0.018 476 
POX Basin 6 11/9/1999 Mercury NO 
POX Basin 6 11/9/1999 Nickel 0.0049 0.643 0.018 476 
POX Basin 6 11/9/1999 Zinc 0.0399 0.643 0.018 476 

POX Basin 6 5/3/2000 B005 NO 
POX Basin 6 5/3/2000 TSS 14 0.643 0.005 476 
POX Basin 6 5/3/2000 Oil & Grease NO 
POX Basin 6 5/3/2000 Phosphorus 0.27 0.643 0.005 476 
POX Basin 6 5/3/2000 E. Coli 178 0.643 0.005 476 
POX Basin 6 5/3/2000 Copper NO 
POX Basin 6 5/3/2000 Lead NO 
POX Basin 6 5/3/2000 Zinc 0.018 0.643 0.005 476 

-- --

Basin 6 Outfall = POPE1 
• Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 

5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 

5.401 466631.27 13214997.6 
5.401 466631.27 13214997.6 

1.672 144433.48 4090356.41 

1.672 144433.48 4090356.41 
1.672 144433.48 4090356.41 

1.672 144433.48 4090356.41 

Load 
(mg) 

434773422.5 
224654960 

6766078.795 
163865970.8 

44930.992 
27751.49506 
17179.49694 
137435.9755 
22465.496 

64753.48846 
527278.4061 

6E+07 

1104396.232 
7E+08 

73626.41545 
'------
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR PDX (CONT.) 

LOAD CALCULATIONS BASED ON Q=CIA 
Location Outfall Date Pollutant Amount Runoff Intensity Area* 

(mg/I) Co-efficient I A 
C (in./hr.) (acres) 

POX Basin 7 11/9/1999 COD 31.5 0.6 0.018 725 
POX Basin 7 11/9/1999 T55 35 0.6 0.018 725 
POX Basin 7 11/9/1999 Oil & Grease NO 
POX Basin 7 11/9/1999 Phosphorus 0.34 0.6 0.018 725 
POX Basin 7 11/9/1999 TOC 11.6 0.6 0.018 725 
POX Basin 7 11/9/1999 Arsenic 0.0014 0.6 0.018 725 
POX Basin 7 11/9/1999 Cadmium 0.0014 0.6 0.018 725 
POX Basin 7 11/9/1999 Chromium 0.0023 0.6 0.018 725 
POX Basin 7 11/9/1999 Copper 0.014 0.6 0.018 725 
POX Basin 7 11/9/1999 Lead 0.0051 0.6 0.018 725 
POX Basin 7 11/9/1999 Mercury NO 
POX Basin 7 11/9/1999 Nickel 0.0036 0.6 0.018 725 
POX Basin 7 11/9/1999 Zinc 0.131 0.6 0.018 725 

POX Basin 7 5/3/2000 B005 7 0.6 0.005 725 
POX Basin 7 5/3/2000 T55 16 0.6 0.005 725 
POX Basin 7 5/3/2000 Oil & Grease 1.1 0.6 0.005 725 
POX Basin 7 5/3/2000 Phosphorus 0.24 0.6 0.005 725 
POX Basin 7 5/3/2000 E. Coli 1120 0.6 0.005 725 
POX Basin 7 5/3/2000 Copper 0.013 0.6 0.005 725 
POX Basin 7 5/3/2000 Lead NO 
POX Basin 7 5/3/2000 Zinc 0.108 0.6 0.005 725 

Basin 7 Outfall = M006, 5512200 
* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

7.676 663201 18781852.3 
7.676 663201 18781852.3 

7.676 663201 18781852.3 
7.676 663201 18781852.3 
7.676 663201 18781852.3 
7.676 663201 18781852.3 
7.676 663201 18781852.3 
7.676 663201 18781852.3 
7.676 663201 18781852.3 

7.676 663201 18781852.3 
7.676 663201 18781852.3 

2.376 205276.5 5813430.4 
2.376 205276.5 5813430.4 
2.376 205276.5 5813430.4 
2.376 205276.5 5813430.4 
2.376 205276.5 5813430.4 
2.376 205276.5 5813430.4 

2.376 205276.5 5813430.4 

Load 
(mg) 

591628348.1 
657364831.2 

6385829.7 
217869486.9 

26294.59 
26294.59 
43198.26 
262945.9 
95787.44 

67614.66 
2460422.6 

40694013.3 
93014887.6 
6394773.5 
1395223.3 
65110421 
75574.59 

627850.4 
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TABLE 5 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR POX (CONT.) 

LOAD CALCULATIONS BASED ON Q=CIA 
Location Outfall Date Pollutant Amount Runoff Intensity Area* 

(mgll) Co-efficient I A 
C (in.lhr.) (acres) 

POX Basin 8 11/9/1999 COO 28.4 0.297 0.018 679 
POX Basin 8 11/9/1999 TSS 35 0.297 0.018 679 
POX Basin 8 11/9/1999 Oil & Grease NO 
POX Basin 8 11/9/1999 Phosphorus 0.228 0.297 0.018 679 
POX Basin 8 11/9/1999 TOC 12.2 0.297 0.018 679 
POX Basin 8 11/9/1999 Arsenic NO 
POX Basin 8 11/9/1999 Cadmium NO 
POX Basin 8 11/9/1999 Chromium 0.0017 0.297 0.018 679 
POX Basin 8 11/9/1999 Copper 0.0095 0.297 0.018 679 
POX Basin 8 11/9/1999 Lead 0.0016 0.297 0.018 679 
POX Basin 8 11/9/1999 Mercury NO 
POX Basin 8 11/9/1999 Nickel 0.0035 0.297 0.018 679 
POX Basin 8 11/9/1999 Zinc 0.0233 0.297 0.018 679 

POX Basin 8 5/3/2000 B005 8 0.297 0.005 679 
POX Basin 8 5/3/2000 TSS 48 0.297 0.005 679 
POX Basin 8 5/3/2000 Oil & Grease NO 
POX Basin 8 5/3/2000 Phosphorus 0.23 0.297 0.005 679 
POX Basin 8 5/3/2000 E. Coli 261 0.297 0.005 679 
POX Basin 8 5/3/2000 Copper 0.036 0.297 0.005 679 
POX Basin 8 5/3/2000 Lead 0.006 0.297 0.005 679 
POX Basin 8 5/3/2000 Zinc 0.24 0.297 0.005 679 

Basin 8 Outfall = SS12000 
• Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Oetect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

3.559 307455.40 8707137.20 
3.559 307455.40 8707137.20 

3.559 307455.40 8707137.20 
3.559 307455.40 8707137.20 

3.559 307455.40 8707137.20 
3.559 307455.40 8707137.20 
3.559 307455.40 8707137.20 

3.559 307455.40 8707137.20 
3.559 307455.40 8707137.20 

1.101 95164.769 2695066.27 
1.101 95164.769 2695066.27 

1.101 95164.769 2695066.27 
1.101 95164.769 2695066.27 
1.101 95164.769 2695066.27 
1.101 95164.769 2695066.27 
1.101 95164.769 2695066.27 

Load 
(mg) 

247282696.6 
304749802.2 

1985227.283 
106227073.9 

14802.13325 
82717.80345 
13931.41953 

30474.98022 
202876.2969 

21560530.22 
129363181.3 

619865.2439 
703412298.5 

97022.386 
16170.39767 
646815.9067 
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TABLE 6 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR PSY 

LOAD CALCULATIONS BASED ON Q=CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mg/l) Co-efficient I A 

C (in./hr.) (acres) 

PSY Basin 2 12/15/1999 TSS 19.000 0.9 0.013 5.8 
PSY Basin 2 12/15/1999 Oil & Grease 6.100 0.9 0.013 5.8 
PSY Basin 2 12/15/1999 Copper 0.200 0.9 0.013 5.8 
PSY Basin 2 12/15/1999 Lead 0.100 0.9 0.013 5.8 
PSY Basin 2 12/15/1999 Zinc 0.560 0.9 0.013 5.8 

PSY Basin 2 5/9/2000 TSS 131.000 0.9 0.016 5.8 
PSY Basin 2 5/9/2000 Oil & Grease 5.100 0.9 0.016 5.8 
PSY Basin 2 5/9/2000 Copper 0.785 0.9 0.016 5.8 
PSY Basin 2 5/9/2000 Lead 0.071 0.9 0.016 5.8 
PSY Basin 2 5/9/2000 Zinc 1.720 0.9 0.016 5.8 

PSY Basin 2 5/10/2000 TSS 42.000 0.9 0.027 5.8 
PSY Basin 2 5/10/2000 Oil & Grease ND 
PSY Basin 2 5/10/2000 Copper 0.421 0.9 0.027 5.8 
PSY Basin 2 5/10/2000 Lead 0.028 0.9 0.027 5.8 
PSY Basin 2 5/10/2000 Zinc 0.638 0.9 0.027 5.8 

* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

0.07 5714 161820 
0.07 5714 161820 
0.07 5714 161820 
0.07 5714 161820 
0.07 5714 161820 

0.09 7428 210366 
0.09 7428 210366 
0.09 7428 210366 
0.09 7428 210366 
0.09 7428 210366 

0.14 12190 345216 

0.14 12190 345216 
0.14 12190 345216 
0.14 12190 345216 

Load 
(mg) 

3074580 
987102 
32364 
16182 
90619 

27557946 
1072867 
165137 
14852 

361830 

14499072 

145336 
9666 

220248 
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TABLE 6 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR PSY (CONT.) 

LOAD CALCULATIONS BASED ON Q=CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mg/l) Co-efficient I A 

C (in.lhr.) (acres) 

PSY Basin 9 12/15/1999 TSS 20.000 0.9 0.013 1.51 
PSY Basin 9 12/15/1999 Oil & Grease 7.200 0.9 0.013 1.51 
PSY Basin 9 12/15/1999 Copper 0.250 0.9 0.013 1.51 
PSY Basin 9 12/15/1999 Lead 0.100 0.9 0.013 1.51 
PSY Basin 9 12/15/1999 Zinc 0.550 0.9 0.013 1.51 

PSY Basin 9 5/9/2000 TSS 110.000 0.9 0.016 1.51 
PSY Basin 9 5/9/2000 Oil & Grease ND 
PSY Basin 9 5/9/2000 Copper 1.240 0.9 0.016 1.51 
PSY Basin 9 5/9/2000 Lead 0.101 0.9 0.016 1.51 
PSY Basin 9 5/9/2000 Zinc 2.110 0.9 0.016 1.51 

PSY Basin 9 5/10/2000 TSS 132.000 0.9 0.027 1.51 
PSY Basin 9 5/10/2000 Oil & Grease ND 
PSY Basin 9 5/10/2000 Copper 2.140 0.9 0.027 1.51 
PSY Basin 9 5/10/2000 Lead 0.070 0.9 0.027 1.51 
PSY Basin 9 5/10/2000 Zinc 2.330 0.9 0.027 1.51 

* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft.lsec.) 

0.017 1480 41912 
0.017 1480 41912 
0.017 1480 41912 
0.017 1480 41912 
0.017 1480 41912 

0.022 1924 54486 

0.022 1924 54486 
0.022 1924 54486 
0.022 1924 54486 

0.037 3157 89413 

0.037 3157 89413 
0.037 3157 89413 
0.037 3157 89413 

Load 
(mg) 

838244 
301768 
10478 
4191 
23052 

5993446 

67562 
5503 

114965 

11802479 

191343 
6214 

208332 
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TABLE 6 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR PSY (CONT.) 

LOAD CALCULATIONS BASED ON Q-CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area· 
(mgll) Co-efficient I A 

C (in.lhr.) (acres) 

PSY Basin 12 12/15/1999 TSS 4.900 0.9 0.013 9.3 
PSY Basin 12 12/15/1999 Oil & Grease 7.700 0.9 0.013 9.3 
PSY Basin 12 12/15/1999 Copper 0.250 0.9 0.013 9.3 
PSY Basin 12 12/15/1999 Lead 0.100 0.9 0.013 9.3 
PSY Basin 12 12/15/1999 Zinc 3.200 0.9 0.013 9.3 

PSY Basin 12 5/9/2000 TSS 87.000 0.9 0.016 9.3 
PSY Basin 12 5/9/2000 Oil & Grease NO 
PSY Basin 12 5/9/2000 Copper 0.821 0.9 0.016 9.3 
PSY Basin 12 5/9/2000 Lead 0.064 0.9 0.016 9.3 
PSY Basin 12 5/9/2000 Zinc 2.580 0.9 0.016 9.3 

PSY Basin 12 5/10/2000 TSS 15.000 0.9 0.027 9.3 
PSY Basin 12 5/10/2000 Oil & Grease NO 
PSY Basin 12 5/10/2000 Copper 0.155 0.9 0.027 9.3 
PSY Basin 12 5/10/2000 Lead 0.010 0.9 0.027 9.3 
PSY Basin 12 5/10/2000 Zinc 0.463 0.9 0.027 9.3 

* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

0.105 9066 256747 
0.105 9066 256747 
0.105 9066 256747 
0.105 9066 256747 
0.105 9066 256747 

0.136 11786 333771 

0.136 11786 333771 
0.136 11786 333771 
0.136 11786 333771 

0.224 19341 547727 

0.224 19341 547727 
0.224 19341 547727 
0.224 19341 547727 

Load 
(mg) 

1258060 
1976952 
64187 
25675 

821590 

29038085 

274026 
21194 

861129 

8215904 

84898 
5477 

253598 
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TABLE 7 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR T-6 

LOAD CALCULATIONS BASED ON Q-CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mgll) Co-efficient I A 

C (in./hr.) (acres) 

T-6 Manhole 1 11/15/1999 TSS 79.000 0.9 0.003 60.3 
T-6 Manhole 1 11/15/1999 Oil & Grease 25.000 0.9 0.003 60.3 
T-6 Manhole 1 11/15/1999 Copper 0.032 0.9 0.003 60.3 
T-6 Manhole 1 11/15/1999 Lead 0.057 0.9 0.003 60.3 
T-6 Manhole 1 11/15/1999 Zinc 0.721 0.9 0.003 60.3 

T-6 Manhole 1 5/8/2000 TSS 67.000 0.9 0.005 60.3 
T-6 Manhole 1 5/8/2000 Oil & Grease 3.700 0.9 0.005 60.3 
T-6 Manhole 1 5/8/2000 Copper 0.038 0.9 0.005 60.3 
T-6 Manhole 1 5/8/2000 Lead 0.041 0.9 0.005 60.3 
T-6 Manhole 1 5/8/2000 Zinc 0.679 0.9 0.005 60.3 

T-6 Manhole 2 11/15/1999 TSS ND 
T-6 Manhole 2 11/15/1999 Oil & Grease 7.000 0.9 0.003 60.3 
T-6 Manhole 2 11/15/1999 Copper 0.012 0.9 0.003 60.3 
T-6 Manhole 2 11/15/1999 Lead 0.006 0.9 0.003 60.3 
T-6 Manhole 2 11/15/1999 Zinc 0.252 0.9 0.003 60.3 

T-6 Manhole 2 5/8/2000 TSS 43.000 0.9 0.005 60.3 
T-6 Manhole 2 5/8/2000 Oil & Grease ND 
T-6 Manhole 2 5/8/2000 Copper 0.014 0.9 0.005 60.3 
T-6 Manhole 2 5/8/2000 Lead 0.005 0.9 0.005 60.3 
T-6 Manhole 2 5/8/2000 Zinc 0.069 0.9 0.005 60.3 

* Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
ND = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 

0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 

0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 

0.296 25610.013 725275.568 

0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 

Load 
(mg) 

26444663.0 
8368564.2 
10711.762 
19080.326 
241349.39 

48593463.0 
2683519.6 
27560.471 
29736.298 
492462.11 

2343197.9 
4016.9108 
2008.4554 
84355.127 

31186849.4 

10153.857 
3626.3778 
50044.014 
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TABLE 7 
INDUSTRIAL STORMWATER MONITORING POLLUTANT LOAD ESTIMATE FOR T -6 (CONT.) 

LOAD CALCULATIONS BASED ON Q-CIA 

Location Outfall Date Pollutant Amount Runoff Intensity Area* 
(mg/I) Co-efficient I A 

C (in.lhr.) (acres) 

T-6 Manhole 3 11/15/1999 TSS 43.000 0.9 0.003 60.3 

T-6 Manhole 3 11/15/1999 Oil & Grease 8.000 0.9 0.003 60.3 

T-6 Manhole 3 11/15/1999 Copper 0.027 0.9 0.003 60.3 

T-6 Manhole 3 11/15/1999 Lead 0.032 0.9 0.003 60.3 

T-6 Manhole 3 11/15/1999 Zinc 0.388 0.9 0.003 60.3 

T-6 Manhole 3 5/8/2000 TSS 104.000 0.9 0.005 60.3 

T-6 Manhole 3 5/8/2000 Oil & Grease 2.220 0.9 0.005 60.3 

T-6 Manhole 3 5/8/2000 Copper 0.037 0.9 0.005 60.3 

T-6 Manhole 3 5/8/2000 Lead 0.076 0.9 0.005 60.3 

T-6 Manhole 3 5/8/2000 Zinc 0.566 0.9 0.005 60.3 

T-6 Manhole 4 11/15/1999 TSS 25.000 0.9 0.003 45 

T-6 Manhole 4 11/15/1999 Oil & Grease 9.000 0.9 0.003 45 

T-6 Manhole 4 11/15/1999 Copper 0.015 0.9 0.003 45 

T-6 Manhole 4 11/15/1999 Lead 0.021 0.9 0.003 45 

T-6 Manhole 4 11/15/1999 Zinc 0.311 0.9 0.003 45 

T-6 Manhole 4 5/8/2000 TSS 34.000 0.9 0.005 45 

T-6 Manhole 4 5/8/2000 Oil & Grease 2.320 0.9 0.005 45 

T-6 Manhole 4 5/8/2000 Copper 0.016 0.9 0.005 45 

T-6 Manhole 4 5/8/2000 Lead 0.018 0.9 0.005 45 

T-6 Manhole 4 5/8/2000 Zinc 0.396 0.9 0.005 45 
-

• Rational Method is not recommended for areas over 100 acres. Accuracy decreases as area increases over 100 acres. 
NO = Non-Detect, below laboratory detection limit. 

Runoff Quantity Cubic Feet Volume 
Q (liters) 

(cu. ft./sec.) 

0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 
0.137 11820.006 334742.569 

0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 
0.296 25610.013 725275.568 

0.102 8820.9 249807.888 
0.102 8820.9 249807.888 
0.102 8820.9 249807.888 
0.102 8820.9 249807.888 
0.102 8820.9 249807.888 

0.221 19111.95 541250.424 
0.221 19111.95 541250.424 
0.221 19111.95 541250.424 
0.221 19111.95 541250.424 
0.221 19111.95 541250.424 

Load 
(mg) 

14393930.5 
2677940.5 
9038.0493 
10711.762 
129880.11 

75428659.0 
1610111.7 
26835.196 
55120.943 
410505.97 

6245197.2 
2248270.9 
3747.1183 
5245.9656 
77690.253 

18402514.4 
1255700.9 
8660.0067 
9742.5076 
214335.16 
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TABLE 8 
DRY SEASON STORMWATER OUTFALL INSPECTION SCHEDULE 
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TABLE 8 
DRY SEASON STORMWATER OUTFALL INSPECTION SCHEDULE (CONT.) 
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TABLE 8 
DRY SEASON STORMWATER OUTFALL INSPECTION SCHEDULE (CONT.) 
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RG15PP 

RG17PP 

RG18PP 

SJ43PP I 

SJ44PP I 

SJ45PP 

SJ46PP 

SJ47PP 

WW44PP I 

SS04PP 

SS03PP 

TABLE 9 
1999/2000 DRY SEASON STORMVVATER OUTFALL INSPECTION OBSERVATIONS 

North of Fort James 9/3/99 Yes None Yellow Slightly Oily Sheen Rust Normal Normal 
and open channel to Turbid 

Willamette 

Between Rivergate 9/3/99 No I None None None None None Normal Normal 
Blvd. And Lombard 

N. Lombard and 9/3/99 Yes Sewag Clear Slightly Oily Sheen Sediments Normal Normal 
Columbia Slough e Turbid 

Freightliner, Swan 9/3/99 No None None None None None Normal Normal 
Island 

Port O'Call, Swan 9/3/99 No None None None None None Normal Normal 
Island, under bridge 

Port O'Call, Swan 9/3/99 No None None None None None Normal Normal 
Island 

Boise Cascade 9/3/99 No None None None None None Normal Normal 
bldg., Swan Island 

Boise Cascade 9/3/99 No None None None None None Normal Normal 
bldg., Swan Island 

Berth 105, T-1 S. I 9/3/99 I No I None I None I None None None Normal Normal 

POX Basin 1 I 8/20/99 I Yes I --- I Brown I Cloudy None None Normal Excessive 
Growth 

POX Basin 2 I 8/20/99 I No I Musty I Green Cloudy Algae None Normal Excessive 
Gray Growth 

POX Basin 3 8/20/99 No None None None None None Normal None 

POX Basin 4 8/20/99 Yes None Clear Clear None None Normal Excessive 
Growth 



TABLE 9 
>1999/2000 DRY SEASON STORMWATER OUTFALL INSPECTION OBSERVATIONS (CONT.) 

SS12500 I PDX Basin 5 I 8/20/99 I Yes I None I Brown I Cloudy Duckweed Garbage Normal Normal 

POPE 1 I PDX Basin 6 I 8/20/99 I No I None I Green I Slightly Algae None Normal Excessive 
Turbid Growth 

PDX Basin 7 I 8/20/99 I No I Musty Ye II ow- I Cloudy Algae None Normal Normal 
Brown 

SS12000 I PDX Basin 8 I 8/20/99 I Yes I None Clear Clear None None Minor Concrete Excessive 
Green Cracking Growth 

PDX Basin 9 Clear Clear Clear None Normal Normal 
Green 

WW41PP I T-1 I 8/24/99 N/A N/A N/A N/A N/A N/A Could not be I N/A 
located 

WW47PP T-1,Berth 102 8/24/99 No None None None None None Normal Normal 

BC50PP T-2, Berth 203 8/24/99 No None None None None None Normal Normal 

SJ25PP T-4, Berths 415 & 8/24/99 No None None None None None Normal Normal 
416 

SJ19PP T-4, Slip 2, Berth I 8/24/99 I No I None I None None None None Normal Normal 
410 

SJ26PP T-4, Berth 416 8/24/99 No None None None None None Normal Normal 

SJ22PP T-4, Berth 412 8/24/99 No None None None None None Normal Normal 

SJ28PP T-4 8/24/99 N/A N/A N/A N/A N/A N/A Could not be N/A 
located 

RG13PP T-5 I 8/25/99 I Yes I None I Clear Clear None None Groundwater Normal 
seepage into 

manhole 

RG12PP T-5 8/25/99 No None None None None None Normal Normal 

RG04PP T-6, Honda 8/25/99 No None None None None None Normal Normal 

Z RG08PP T-6, Berth 603 8/25/99 No None None None None None Normal Normal 
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RG15PP 9/8/99 

RG18PP 9/8/99 

8812500 8/20/99 

NO = Not Detected 
NA = Not Analyzed 

TABLE 10 
1999/2000 DRY SEASON STORMWATER SAMPLING RESULTS 

7.86 I 17.2 321 2.00 NO 13.2 NO NO 

6.50 I 14.4 409 1600 NO 107 NO 0.780 

NA I NA NA NA NA NA NA NA 

13.0 NO NO 

354 0.156 NO 

15 NA NA 



TABLE 11 

STORMWATER MONITORING RESULTS 

BMP EFFECTIVENESS MONITORING 
STORMCEPTOR AT PIC 

SAMPLE DATE: NOVEMBER 16, 1999 

INFLOW 

1200 COLS METHOD SAMPLE #1 SAMPLE #2 AVERAGE 

SAMPLE #1 SAMPLE #2 BENCHMARKS REPORTING LIMIT CONC. CONC. CONC. 
PARAMETER LABEL LABEL (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

TSS TSOP-1-IN TSOP-2-IN 50 5 5.0000 5.0000 5.0000 
Oil and Grease, HEM OG-1-IN OG-2-IN 10 5 ND NO N/A 
Total Phosphorus TPCOD-1-IN TPCOD-2-IN 0.16 0.01 0.0300 0.0300 0.0300 
Orthophosphate TSOP-1-IN TSOP-2-IN N/A 0.01 0.0400 0.0400 0.0400 
COD TPCOD-1-IN TPCOD-2-IN N/A 15 NO ND N/A 
BOD5 BOD-1-IN BOD-2-IN 33 2.0 2.0000 2.1000 2.0500 
Total Lead TMH-1-IN TMH-2-IN 0.006 0.0010 NO ND N/A 
Total Copper TMH-1-IN TMH-2-IN 0.036 0.0020 0.0037 0.0042 0.0040 
Total Zinc TMH-1-IN TMH-2-IN 0.24 0.010 0.0410 0.0450 0.0430 
Dissolved Lead DM-1-IN DM-2-IN N/A 0.0010 NO ND N/A 
Dissolved Copper DM-1-IN DM-2-IN N/A 0.0020 ND NO N/A 
Dissolved Zinc DM-1-IN DM-2-IN N/A 0.010 0.0250 0.0300 0.0275 
Hardness TMH-1-IN TMH-2-IN N/A 0.40 8.1200 7.8100 7.9650 
E. coli * EC-1-IN EC-2-IN 406 (MPN/100 mL) N/A 4.0000 27.0000 15.5000 

OUTFLOW 

1200 COLS METHOD SAMPLE #1 SAMPLE #2 AVERAGE 

SAMPLE #1 SAMPLE #2 BENCHMARKS REPORTING LIMIT CONC. CONC. CONC. 
PARAMETER LABEL LABEL (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

TSS TSOP-1-0UT TSOP-2-0UT 50 5 5.0000 10.0000 7.5000 
Oil and Grease, HEM OG-1-0UT OG-2-0UT 10 5 NO ND N/A 
Total Phosphorus TPCOD-1-0UT TPCOD-2-0UT 0.16 0.01 0.0400 0.0200 0.0300 
Orthophosphate TSOP-1-0UT TSOP-2-0UT N/A 0.01 0.0400 0.0400 0.0400 
COD TPCOD-1-0UT TPCOD-2-0UT N/A 15 NO ND N/A 
BOD5 BOD-1-0UT BOD-2-0UT 33 2.0 2.0000 3.2000 2.6000 
Total Lead TMH-1-0UT TMH-2-0UT 0.006 0.0010 NO NO N/A 
Total Copper TMH-1-0UT TMH-2-0UT 0.036 0.0020 0.0046 0.0042 0.0044 
Total Zinc TMH-1-0UT TMH-2-0UT 0.24 0.010 0.0390 0.0410 0.0400 
Dissolved Lead DM-1-0UT DM-2-0UT N/A 0.0010 ND NO N/A 
Dissolved Copper - DM-1-0UT DM-2-0UT N/A 0.0020 NO 0.0026 0.0023 
Dissolved Zinc DM-1-0UT DM-2-0UT N/A 0.010 0.0220 0.0250 0.0235 
Hardness TMH-1-0UT TMH-2-0UT N/A 0.40 9.6900 9.7400 9.7150 
E. coli * EC-1-0UT EC-2-0UT 406 (MPN/100 mL) N/A 4.0000 12.0000 8.0000 

- = The Method Reporting Limit has been substituted for results listed as NO for analysis purposes 
* E. coli reported in units of most probable number per 100 mL (MPN/100 mL) 
ND = Analytical result was below the Method Reporting Limit 
N/A = Not applicable 
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INFLOW 

PARAMETER 

TSS 
Oil and Grease 
Total Phosphorus 
B005 
Total lead 
Total Copper 
Total Zinc 
Hardness 
E. Coli * 

OUTFLOW 

PARAMETER 

TSS 
Oil and Grease -
Total Phosphorus 

B005 
Total lead-
Total Copper 
Total Zinc 
Hardness 
E.Coli* 

TABLE 12 

STORMWATER MONITORING RESULTS 

BMP EFFECTIVENESS MONITORING 
STORMCEPTOR AT PIC 

SAMPLE DATE: MAY 10, 2000 

1200 COLS METHOD 

SAMPLE #1 SAMPLE #2 BENCHMARKS REPORTING LIMIT 
LABEL LABEL (mg/L) (mg/L) 

TSOP-1-IN TSOP-2-IN 50 5 
OG-1-IN OG-2-IN 10 5 

TPCOO-1-IN TPCOO-2-IN 0.16 0.01 
BOO-1-IN BOO-2-IN 33 2.0 
TMH-1-IN TMH-2-IN 0.006 0.0010 
TMH-1-IN TMH-2-IN 0.036 0.0020 
TMH-1-IN TMH-2-IN 0.24 0.010 
TMH-1-IN TMH-2-IN N/A 0.40 
EC-1-IN EC-2-IN 406 (MPN/1 00 ml) N/A 

1200 COLS METHOD 

SAMPLE #1 SAMPLE #2 BENCHMARKS REPORTING LIMIT 
LABEL LABEL (mg/L) (mg/L) 

TSOP-1-0UT TSOP-2-0UT 50 5 
OG-1-0UT OG-2-0UT 10 5 
TPCOO-1- TPCOO-2- 0.16 0.01 

OUT OUT 
BOO-1-0UT BOO-2-0UT 33 2.0 
TMH-1-0UT TMH-2-0UT 0.006 0.0010 
TMH-1-0UT TMH-2-0UT 0.036 0.0020 
TMH-1-0UT TMH-2-0UT 0.24 0.010 
TMH-1-0UT TMH-2-0UT N/A 0.40 
EC-1-0UT EC-2-0UT 406 (MPN/100 ml) N/A 

- = The Method Reporting Limit has been substituted for results listed as NO for analysis purposes 
* E. coli reported in units of most probable number per 100 ml (MPN/1 00 ml) 
NO = Analytical result was below the Method Reporting Limit 
N/A = Not applicable 

SAMPLE #1 

CONC. 
(mg/L) 

10.0000 
NO 

0.0400 
4.3000 

NO 
0.0070 
0.0860 
12.4000 
4.0000 

SAMPLE #1 

CONC. 
(mg/L) 

NO 
7.0000 
0.0200 

3.2000 
NO 

0.0069 
0.0940 
16.9000 
8.0000 

SAMPLE #2 

CONC. 
(mg/L) 

5.0000 
NO 

0.0300 
4.1000 

NO 
0.0074 
0.0910 
13.5000 
9.0000 

SAMPLE #2 

CONC. 
(mg/L) 

NO 
NO 

0.0200 

3.2000 
0.0015 
0.0071 
0.0970 
17.0000 
4.0000 

AVERAGE 

CONC. 
(mg/L) 

7.5000 
N/A 

0.0350 
4.2000 

N/A 
0.0072 
0.0885 
12.9500 
6.5000 

AVERAGE 

CONC. 
(mg/L) 

N/A 
6.0000 
0.0200 

3.2000 
0.0013 
0.0070 
0.0955 
16.9500 
6.0000 
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INFLOW 

CONC. 
PARAMETER (mg/L) 

TSS 5.0000 
Oil and Grease, HEM NO 
Total Phosphorus 0.0300 
Orthophosphate 0.0400 
COD NO 
BOD5 2.0500 
Total Lead 0.0010 
Total Copper 0.0040 
Total Zinc 0.0430 
Dissolved Lead NO 
Dissolved Copper - 0.0020 
Dissolved Zinc 0.0275 
Hardness 7.9650 
E. coli * 15.5000 

TABLE 13 

INFLOW AND OUTFLOW DATA SUMMARY 

BMP EFFECTIVENESS MONITORING 
STORMCEPTOR AT PIC 

SAMPLE DATE: NOVEMBER 16,1999 

OUTFLOW DIFFERENCE 

CONC. CONC. PERCENT 
(mg/L) (mg/L) REMOVAL 

7.5000 -2.5000 -50.00% 
NO N/A N/A 

0.0300 0.0000 0.00% 
0.0400 0.0000 0.00% 

ND N/A N/A 
2.6000 -0.5500 -26.83% 
0.0010 0.0000 0.00% 
0.0044 -0.0004 -10.00% 
0.0400 0.0030 6.98% 

ND N/A N/A 
0.0023 -0.0003 -15.00% 
0.0235 0.0040 14.55% 
9.7150 -1.7500 -21.97% 
8.0000 7.5000 48.39% 

- = The Method Reporting Limit has been substituted for results listed as ND for analysis purposes 
* E. coli reported in units of most probable number per 100 mL (MPN/1 00 mL) 
ND = Non detectable 
MRL = Method Reporting Limit 
N/A = Not applicable 

COMMMENTS 

Only 1 detectable reading at 5 mg/L MRL 
All results ND at 5 mg/L 

No net removal 
No net removal 

All results NO at 15 mg/L 
Values too low to be meaningful 
All results ND at .001 mg/L MRL 

Slight increase 
Slight removal 

All results NO at .001 mg/L MRL 
Only 1 detectable reading at .002 mg/L MRL 

Slight removal 
Slight increase 
Some removal 
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PARAMETER 

TSS-
Oil and Grease -
Total Phosphorus 
B005 
Total Lead
Total Copper 
Total Zinc 
Hardness 
E. Coli * 

INFLOW 

CONC. 
(mg/L) 

7.5000 
5.0000 
0.0350 
4.2000 
0.0010 
0.0072 
0.0885 
12.9500 
6.5000 

TABLE 14 

INFLOW AND OUTFLOW DATA SUMMARY 

BMP EFFECTIVENESS MONITORING 
STORMCEPTOR AT PIC 

SAMPLE DATE: MAY 10, 2000 

OUTFLOW 

CONC. 
(mg/L) 

5.0000 
6.0000 
0.0200 
3.2000 
0.0013 
0.0070 
0.0955 
16.9500 
6.0000 

DIFFERENCE 

CONC. 
(mg/L) 

2.5000 
-1.0000 
0.0150 
1.0000 
-0.0003 
0.0002 
-0.0070 
-4.0000 
0.5000 

PERCENT 
REMOVAL 

33.33% 
-20.00% 
42.86% 
23.81% 
-30.00% 
2.78% 
-7.91% 

-30.89% 
7.69% 

- = The Method Reporting Limit has been substituted for results listed as NO for analysis purposes 
* E. Coli reported in units of most probable number per 100 mL (MPN/1 00 mL) 
NO = Analytical result was below the Method Reporting Limit 
MRL = Method Reporting Limit 
N/A = Not applicable 

COMMMENTS 

No detectable outflow reading at 5 mg/L 
Only 1 detectable reading at 5 mg/L MRL 

Some removal 
Slight removal 

Only 1 detectable reading at .001 mg/L MRL 
Slight removal 
Slight increase 
Some increase 
Slight removal 
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INLET 1 

PARAMETER 

TSS 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 
Oil & Grease, HEM 

OUTLET 

PARAMETER 

TSS 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 
Oil & Grease, HEM 

TABLE 15 

STORMWATER MONITORING RESULTS 

BMP EFFECTIVENESS MONITORING 
STREAM GUARD TYPE 11-0 AT THE POX MAINTENANCE FACILITY 

SAMPLE DATE: FEBRUARY 14, 2000 

INLET 2 

METHOD SAMPLE METHOD 
REPORTING LIMIT CONC. REPORTING LIMIT 

(mg/L) (mg/L) PARAMETER (mg/L) 

5 110.0 TSS 5 
0.0020 NO Arsenic 0.0020 
0.0010 0.0329 Barium 0.0010 
0.0020 NO Cadmium 0.0020 
0.0050 0.0075 Chromium 0.0050 
0.0010 0.0236 Lead 0.0010 

0.00020 NO Mercury 0.00020 
0.0020 NO Selenium 0.0020 
0.0030 NO Silver 0.0030 

5 10.0 Oil & Grease, HEM 5 

METHOD SAMPLE 

REPORTING LIMIT CONC. 
(mg/L) (mg/L) 

5 10.0 
0.0020 NO 
0.0010 0.0071 
0.0020 NO 
0.0050 NO 
0.0010 0.0036 
0.00020 NO 
0.0020 NO 
0.0030 NO 

5 NO 

NO = Analytical result was below the Method Reporting Limit. 

SAMPLE 
CONC. 
(mg/L) 

280.0 
NO 

0.0228 
NO 
NO 

0.0104 
NO 
NO 
NO 
9.0 
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INLET 1 

PARAMETER 

TSS 
Cadmium 
Lead 
Nickel 
Zinc 
Oil & Grease, HEM 

OUTLET 

PARAMETER 

TSS 
Cadmium 
Lead 
Nickel 
Zinc 
Oil & Grease, HEM 

TABLE 16 

STORMWATER MONITORING RESULTS 

BMP EFFECTIVENESS MONITORING 
STREAM GUARD TYPE 11-0 AT THE POX MAINTENANCE FACILITY 

SAMPLE DATE: APRIL 28, 2000 

INLET 2 

METHOD SAMPLE METHOD 

REPORTING LIMIT CONC. REPORTING LIMIT 
(mg/L) (mg/L) PARAMETER (mg/L) 

5 126 TSS 5 
0.004 NO Cadmium 0.004 
0.002 0.0280 Lead 0.002 
0.020 NO Nickel 0.020 
0.010 0.240 Zinc 0.010 

2 16 Oil & Grease, HEM 2 

METHOD SAMPLE 

REPORTING LIMIT CONC. 
(mg/L) (mg/L) 

5 6.0 
0.004 NO 
0.002 NO 
0.020 NO 
0.010 0.3010 

2 2.10 

NO = Analytical result was below the Method Reporting Limit. 

SAMPLE 

CONC. 
(mg/L) 

95 
NO 

0.03 
NO 

0.215 
9.3 
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INLET 1 INLET 2 OUTLET 

CONC. CONC. CONC. 
PARAMETER (mg/L) (mg/L) (mg/L) 

TSS 110.0 280.0 10.0 
Arsenic NO NO NO 
Barium 0.0329 0.0228 0.0071 
Cadmium NO NO NO 
Chromium - 0.0075 0.0050 0.0050 
Lead 0.0236 0.0104 0.0036 
Mercury NO NO NO 
Selenium NO NO NO 
Silver NO NO NO 
Oil & Grease, HEM - 10.0 9.0 5.0 

TABLE 17 

INFLOW AND OUTFLOW DATA SUMMARY 

BMP EFFECTIVENESS MONITORING 
STREAM GUARD TYPE 11-0 AT THE PDX MAINTENANCE FACILITY 

SAMPLE DATE: FEBRUARY 14, 2000 

DIFFERENCE 1 DIFFERENCE 2 AVERAGE 

CONC. CONC. PERCENT PERCENT PERCENT 
(mg/L) (mg/L) REMOVAL 1 REMOVAL 2 REMOVAL 

100.0 270.0 90.91% 96.43% 93.67% 
N/A N/A N/A N/A N/A 

0.0258 0.0157 78.42% 68.86% 73.64% 
N/A N/A N/A N/A N/A 

0.0025 0.0000 33.33% 0.00% 16.67% 
0.0200 0.0068 84.75% 65.38% 75.07% 

N/A N/A N/A N/A N/A 
N/A N/A N/A N/A N/A 
N/A N/A N/A N/A N/A 
5.0 4.0 50.00% 44.44% 47.22% 

- = The value for the Method Reporting Limit has been substituted for all results listed as NO for analysis purposes. 
NO = Analytlical result was below the Method Reporting Limit 
N/A = Not applicable 
MRL = Method Reporting Limit 

COMMENTS 

A large percentage of the TSS were removed. 
All analytical results were below the MRL. 

Much of the Barium was removed. 
All analytical results were below the MRL. 

Only one analytical result exceeded the reporting MRL. 
Much of the Lead was removed. 

All analytical results were below the MRL. 
All analytical results were below the MRL. 
All analytical results were below the MRL. 
Much of the oil and grease was removed. 

NOTE: Due to the physical layout of the system, the Outlet concentrations cannot be solely attributed to the removal of substances at the BMP Inlets. 
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INLET 1 INLET 2 OUTLET 

CONC. CONC. CONC. 
PARAMETER (mg/L) (mg/L) (mg/L) 

TSS 126 95 6 
Cadmium ND ND ND 
Lead - 0.028 0.03 0.0020 
Nickel ND ND ND 
Zinc 0.24 0.215 0.301 
Oil & Grease, HEM 16 9.3 2.1 

TABLE 18 

INFLOW AND OUTFLOW DATA SUMMARY 

BMP EFFECTIVENESS MONITORING 
STREAM GUARD TYPE 11-0 AT THE PDX MAINTENANCE FACILITY 

SAMPLE DATE: APRIL 28, 2000 

DIFFERENCE 1 DIFFERENCE 2 AVERAGE 

CONC. CONC. PERCENT PERCENT PERCENT 
(mg/L) (mg/L) REMOVAL 1 REMOVAL 2 REMOVAL 

120 89 95.24% 93.68% 94.46% 
N/A N/A N/A N/A N/A 

0.026 0.028 92.86% 93.33% 93.10% 
N/A N/A N/A N/A N/A 

-0.061 -0.086 -25.42% -40.00% -32.71% 
13.9 7.2 86.88% 77.42% 82.15% 

- = The Method Reporting Limit has been substituted for all results listed as ND for analysis purposes. 
ND = Analytical result was below the Method Reporting Limit. 
N/A = Not applicable 
MRL = Method Reporting Limit 

COMMMENTS 

A large percentage of the TSS were removed. 
Analytical result was below the MRL. 

Analytical result for the Outlet was below the MRL. 
Analytical result was below the MRL. 

More Zinc detected in the Outlet sample. 
A large percentage of the oil and grease was removed. 

NOTE: Due to the phySical layout of the system, the Outlet concentrations cannot be solely attributed to the removal of substances at the BMP Inlets. 



TABLE 19 

STORMWATER MONITORING RESULTS 

BMP EFFECTIVENESS MONITORING 
OILIWATER SEPARATOR AT TERMINAL 6 

SAMPLE DATE: SEPTEMBER 14,1999 

INFLOW 

PARAMETERS 

Oil & Grease, HEM 
Oil & Grease, SGT-HEM 

OUTFLOW 

PARAMETERS 

Oil & Grease, HEM 
Oil & Grease, SGT-HEM 

METHOD 
REPORTING LIMIT 

(mg/L) 

5 
5 

METHOD 
REPORTING LIMIT 

(mg/L) 

5 
5 

NO = Analytical result was below the method reporting limit 

SAMPLE 
CONC. 
(mg/L) 

180 
150 

SAMPLE 

CONC. 
(mg/L) 

NO 
NO 
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INFLOW 

PARAMETERS 

TSS 
Oil and Grease 
Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

METHOD 

TABLE 20 

STORMWATER MONITORING RESULTS 

BMP EFFECTIVENESS MONITORING 
OILIWATER SEPARATOR AT TERMINAL 6 

SAMPLE DATE: JULY 3, 2000 

OUTFLOW 

SAMPLE METHOD 
REPORTING LIMIT CONC. REPORTING LIMIT 

(mg/L) (mg/L) PARAMETERS (mg/L) 

5 12 TSS 5 
5 NO Oil and Grease 5 

0.5 NO Benzene 0.5 
1 NO Toluene 1 
1 NO Ethylbenzene 1 
1 NO Total Xylenes 1 

NO = Analytical result was below the method reporting limit 

SAMPLE 
CONC. 
(mg/L) 

6 
NO 
NO 
2 

NO 
4 
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PARAMETERS 

Oil & Grease, HEM 

Oil & Grease, SGT-HEM 

TABLE 21 

INFLOW AND OUTFLOW DATA SUMMARY 

BMP EFFECTIVENESS MONITORING 
OILIWATER SEPARATOR AT TERMINAL 6 

SAMPLE DATE: SEPTEMBER 14,1999 

INFLOW 

CONC. 

(mg/L) 

OUTFLOW 

CONC. 

(mg/L) 

DIFFERENCE 

CONC. 

(mg/L) 
PERCENT 

REMOVAL 

180 
150 

5.0 
5.0 

175.0 
145.0 

97.22% 

96.67% 

COMMENTS 

Mostly removed 

Mostly removed 

NOTE: The Method Reporting Limit has been substituted for all results listed as NO for analysis purposes. 
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INFLOW OUTFLOW 

CONC. CONC. 
PARAMETERS (mg/L) (mg/L) 

TSS 12 6 
Oil and Grease NO NO 
Benzene NO NO 
Toluene - 1 2 
Ethylbenzene NO NO 
Total Xylenes - 1 4 

TABLE 22 

INFLOW AND OUTFLOW DATA SUMMARY 

BMP EFFECTIVENESS MONITORING 
OILIWATER SEPARATOR AT TERMINAL 6 

SAMPLE DATE: JULY 3,2000 

DIFFERENCE 

CONC. PERCENT 
(mg/L) REMOVAL 

6 50.00% 

COMMENTS 

Much of the TSS was removed. 
N/A N/A All concentrations were below the MRL. 
N/A N/A All concentrations were below the MRL. 
-1 -100.00% The inflow concentration was NO. 

N/A N/A All concentrations were below the MRL. 
-3 -300.00% The inflow concentration was NO. 

- = The value for the reporting limit has been substituted for all results listed as NO, below the reporting limit, for analysis purposes. 
NO = Analytical result was below the method reporting limit 
N/A = Not applicable 
MRL = Method Reporting Limit 
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TABLE 23 

WATER QUALITY TESTING RESULTS 

RAMSEY LAKE AREA--COLUMBIA SLOUGH TRIBUTARY--BIOSWALE 
SAMPLE DATE: JUNE 12, 2000 

SWALE INFLOW SWALE OUTFLOW 

METHOD SAMPLE METHOD 

REPORTING LIMIT CONC. REPORTING LIMIT 
PARAMETER (mg/L) (mg/L) PARAMETER (mg/L) 

BOD5 2.0 8.50 BOD5 2.0 
E. coli' N/A 17.0 E. coli' N/A 
TSS 5.0 15.0 TSS 5.0 
Sulfate as S04 0.50 NO Sulfate as S04 0.50 
Total Phosphorus 0.010 0.080 Total Phosphorus 0.010 
Iron Bacteria N/A DETECTED Iron Bacteria N/A 
Copper 0.0020 NO Copper 0.0020 
Hardness 0.40 95.70 Hardness 0.40 
Iron 0.010 5.130 Iron 0.010 
Lead 0.0010 NO Lead 0.0010 
Manganese 0.0010 1.150 Manganese 0.0010 
Zinc 0.010 0.0190 Zinc 0.010 
Oil & Grease, HEM 5.0 5.0 Oil & Grease, HEM 5.0 

• E. coli reported in units of most probable number per 100 mL (MPN/100mL) 
NO = Analytical result was below the Method Reporting Limit. 
N/A = Not applicable 

SAMPLE 

CONC. 
(mg/L) 

3.60 
13.0 
5.0 
1.0 

0.10 
DETECTED 

NO 
77.10 
1.440 

NO 
0.1490 
0.0130 

3.0 
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PARAMETER 

BODS 
E. coli' 
TSS 
Sulfate as S04 -
Total Phosphorus 
Iron Bacteria 
Copper 
Hardness 
Iron 
Lead 
Manganese 
Zinc 
Oil & Grease, HEM 

TABLE 24 

INFLOW AND OUTFLOW DATA SUMMARY 

RAMSEY LAKE AREA--COLUMBIA SLOUGH TRIBUTARY--BIOSWALE 
SAMPLE DATE: JUNE 12, 2000 

INFLOW OUTFLOW DIFFERENCE 

CONC. CONC. CONC. PERCENT 
(mg/L) (mg/L) (mg/L) REMOVAL COMMMENTS 

8.50 3.60 4.90 57.65% The BOD5 was reduced. 
17.0 13.0 4.00 23.53% Some of the E. coli was removed. 
15.0 5.0 10.00 66.67% Much of the TSS was removed. 
0.50 1.0 -0.50 -100.00% The inflow concentration was below the MRL. 

0.080 0.10 -0.02 -25.00% More Phosphorus was detected in the Outflow sample. 
DETECTED DETECTED N/A N/A Iron Bacteria was detected in both samples. 

NO NO N/A N/A All analytical results was below the MRL. 
95.70 77.10 18.60 19.44% The hardness was slightly reduced. 
5.130 1.440 3.69 71.93% A large percentage of the Iron was removed. 

NO NO N/A N/A All analytical results was below the MRL. 
1.150 0.1490 1.00 87.04% A large percentage of the Manganese was removed. 

0.0190 0.0130 0.01 31.58% Some of the Zinc was removed. 
5.0 3.0 2.00 40.00% Much of the oil and grease was removed. 

• E. coli reported in units of most probable number per 100 mL (MPN/1 OOmL) 
- = The value for the reporting limit has been substituted for all results listed as NO, below the reporting limit, for analysis purposes. 
NO = Analytical result was below the Method Reporting Limit. 
N/A = Not applicable 
MRL = Method Reporting Limit 
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TABLE 25 
ENVIRONMENTAL TRAINING DURING THE 

JULY 1, 1999 TO JUNE 30, 2000 PERMIT COMPLIANCE TERM 

I Stormwater and Deicing Awareness I PDX Communications Center Group; I 
Aviation Finance Group; Aviation, 
Port Fire Department, Aviation 
Maintenance Center Group 

I OSHA Annual Training & Spill Prevention and Response Port Fire Department, Aviation 
(2-hour hands-on equipment training) Environmental Group, General 

Maintenance Group 

I Spill Prevention and Response All PDX staff members 
(1-hour general training) 

I Construction De-Watering and Erosion Control Construction Inspection Group, 
General Maintenance Group, 
Engineering Group 

I AAAE Deicing Conference I Aviation Environmental Group I 

EPA Water Quality Standards Academy Aviation Environmental Group 

Aviation BMP Committee Meetings PDX Staff and Tenants 

Environmental Best Management Practices Cascade General Supervisors 

Oct. 1999 

Oct.-Nov. 
1999 

Oct.-Nov. 
1999 

Oct.-Nov. 
1999 

Aug. 1999 

Jul. 2000 

Monthly 

May 2000 
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PSY 

Marine 

Marine 

Marine 

ESD 

ESD 

ESD 

ESD, PDX 

ESD 

TABLE 25 
ENVIRONMENTAL TRAINING DURING THE 

JULY 1,1999 TO JUNE 30, 2000 PERMIT COMPLIANCE TERM (CONT.) 

New Hire Orientation 

Government Institue's Environmental Compliance Bootcamp 

Spill Response Training 

Marine Terminal Tenant Meetings 

City of Portland Erosion Control Manual Training 

Oregon Chapter of Air & Waste Management Association TMDL 
Conference 

5th Annual Water Conference 

Endangered Species Act/Clean Water Act Conference 

ACWA Stormwater Summit 

All new hourly employees 

Marine Environmental Staff 

Marine Environmental Staff, Marine 
Security Staff 

Marine Terminal Staff and Tenants 

ESD Staff, Properties Staff 

ESD Staff 

ESD Staff 

ESD Staff 

ESD Staff 

Various 
Dates 

Feb. 2000 

May-Jun. 
2000 

Monthly 

Mar. 2000 

Mar. 2000 

Apr. 2000 

Apr. 2000 

May 2000 



TABLE 26 
Marine BMP Development Schedule 

I BMP Present BMP Review Draft Finalize BMP 
! Topic BMP 

• BMP001 Stormwater ManagementlWater Quality Complete (6/99) 

• BMP002 Spill Response Complete (7/99) 

• BMP003 Emergency Response Procedures Complete (8/99) 

• BMP004 Environmental Reporting & Record Keeping Complete (11/99) 
- Required by Regulation 

• BMP005 Environmental Reporting & Record Keeping On Hold 
- Required by Regulation 

• BMP006 Waste Manaqement Complete (11/99) 

• BMP007 Hazardous Waste, Universal Waste & Used Complete (12/99) 
Oil Management 

• BMP008 Hazardous Materials Management Complete (3/00) 

• BMP009 Facility & Equipment Maintenance Complete (3/00) 

I • BMP010 Equipment & Vehicle Washing Complete (5/00) 
I 

BMP011 Facility Development/Construction In Progress f 0 

! 

• BMP012 Sediment & Erosion Control In Progress 

• BMP013 UST/AST/Mobile Tanks/Fueling Operations To Be Developed 

• BMP014 Air Qualitv 

• BMP015 Asbestos 

• BMP016 Wetlands 

• BMP017 Endangered Species Protection 

• BMP018 Building & Grounds Maintenance 

.. BMP019 Vessel Maintenance & Painting 

NWMAR 118873 



Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 
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FIGURE 1 

Port Commission 

Mike Thorne 
Executive 
Director 

Dave Lohman John Brockley Bob Hrdlicka 
Policy & Planning Aviation Marine 

Director Director Director 

I 
Cheryl Koshuta Mike Cheston John Hachey 
Mgr., Corporate PDX Marine 
Environmental Manager Manager 

Programs 

Chuck Shenk Pad Quinn 

Tom Bispham ~ H Bonnie Wakefield 
Env.lSafety Env.lSafety 

Manager ESDAdCo Manager Manager 

Lois Hiller ~H Michelle Michaud I Nancy Yunker ~ Tawnya Krenz Trey Harbert Project Manager Dorothy Sperry Project Manager AdCo 
Env. Projects Env. Specialist AdCo 

Program Manager I- Portland Harbor! 
Sediments 

I 
Susan Aha 

Rick Roth 
John Childs H Gregg Bieber 

Pamela Project Manager 
Intern 

Project Manager Project Manager 
Brody-Heine Elaine Albrich Env. Resource Env. Projects Safety 

Program Manager AdCo 
Terry Ellis 

I- Env.lSafety r- Vacant 
Rick Mishaga 

H 
Jennifer Bushman Specialist Intern 

Program Manager Kristen Richert Env. Specialist 
Env. Specialist 

Scott Heidegger 
t--Erin Toelke H Sarah Allender 

Kim Kagelaris Safety Technician 
Env. Specialist Project Manager WQ Technician 

EMS 

Anthony Konkol Josh Anderson ~ 
Special Projects Carol Kestner Env. Intern 

Intern '-- Contract 
Administrator! 

Erica Eichelberg 
Research Analyst 

Air&Waste Vacant 
Special Projects Program Manager 

Intern 

I I 

I Terri Burk II Stan Jones 

II Jennifer Karps I Remediation 
Env. specialist_ Contractor Env. Intern 

-

Ed Galligan 
Cory Streisinger 

Sr. Director General 
Counsel 

Bill Bach I Jeff Ring 
Property!Dev. Asst. General 

Manager Counsel 

T 

Vacant 
AdCo 

Joe Mollusky Denise Rennis 
Project Manager Project Manager 

Env. Projects Env. Projects 



FIGURE 2 

Best Management Practices Summary Form 

Form completed by: Date: ______ _ 

Port Operating Area(s) that the BMP has been or will be implemented in: ____ _ 

Who is responsible for BMP implementation: _____________ _ 

Describe the BMP: ______________________ _ 

Who is responsible for maintenance of the BMP: ____________ _ 

Where are the maintenance records maintained: -------------

How/where is the BMP documented in the operating area: _________ _ 

NWMAR 118876 



FIGURE 3 
PDX -INDUSTRIAL STORMWATER 

FIELD DATA RECORD 

Port of Portland 
Aviation Environmental Department 

Water Issues 
P . t N 51918 T k N 427 rojec o. , as o. 

SAMPLE COLLECTION DATE: TIME: 

SAMPLED BY: 

SAMPLE SITE LOCATION: 

WEATHER CONDITIONS (for past 3 days): (circle all that apply) 

COLD WET RAINY (amt: ) DRY OTHER..specify 

ANAL YSIS TO BE PERFORMED (by contract lab): (circle) 

Cu, T Pb, T Zn, T pH TSS OG E. Coli Tphos BOD5 

Note:Samples collected and analyzed in accordance with 40CFR136; Containers are supplied 
prepreserved by contract lab. Container type and preservative are in accordance with 40CFR136. 

FIELD ANAL YSES PERFORMED: 

Date Time Temp.: of Port Meter No.: 
Meas.: Meas.: pH: Std. Units Port Meter No.: 

VISUAL OBSERVATIONS: 

FLOATING SOLIDS: OIL & GREASE SHEEN: 

PH METER CALIBRATION: Port Meter No: 

Date: PH4.0 PH 7.0 PH 10.0 
Time: 

WILDLIFE PRESENT: NO 
NOTES: 

C:\TEMP\Appendix B - Figures 2000.doc 
Last revised: 4/4/00 kak 

Calibrated by: 

YES, specify: 

NWMAR 118877 



FIGURE 4 
MONTHLY INDUSTRIAL STORMWATER INSPECTIONS - OUTFALLS 

Portland International Airport 

WA<lER:J " ,~. . ~" ' 

CaLJ/1R ' ' u' , 

CIRCLE ONE CIRCLE ONE CIRCLE ONE CIRCLE ONE CIRCLE ONE °F=(OC X 9/5) + 32 

BASIN West Perimeter Rd., 

1 taxiway C, Go thru Ped LOW GREEN CLEAR LIGHT LIGHT 

1A Gate NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BASIN Ditch running alongside 

1 Elrod, off NE 33rd LOW GREEN CLEAR LIGHT LIGHT 

1B NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BASIN West Detention Pond 

2 LOW GREEN CLEAR LIGHT LIGHT 

Pond NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BASIN 48" outfall structure 

4 across Cornfoot from LOW GREEN CLEAR LIGHT LIGHT 

Outfall Central Quies. pond NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BASIN Central Quies. Pond 

4 LOW GREEN CLEAR LIGHT LIGHT 

Pond NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

I 
VERY HIGH BLUE MUDDY NONE NONE 

BASIN Intersect. Of AirTrans 

5 Way & Cornfoot Rd LOW GREEN CLEAR LIGHT LIGHT 

Outfall NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

Z 
VERY HIGH BLUE MUDDY NONE NONE 

~ 
s: » C:\TEMP\Appendix B - Figures 2000.doc ;a 
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FIGURE 4 
MONTHLY INDUSTRIAL STORMWATER INSPECTIONS - OUTFALLS 

Portland International Airport 

SITE 

BA;IN I East Detention Pond 
LOW GREEN CLEAR LIGHT LIGHT 

NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BASIN I S. side of PMF, by Ped. 
7 Gate SP19 I LOW GREEN CLEAR LIGHT LIGHT 

NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BA:IN I P.I.C. , off NE 
LOW GREEN CLEAR LIGHT LIGHT 

NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

VERY HIGH BLUE MUDDY NONE NONE 

BASIN Culvert on S side of NE 

9 Airport Way at 1205 LOW GREEN CLEAR LIGHT LIGHT 

9A south onramp NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

I 
VERY HIGH BLUE MUDDY NONE NONE 

BASIN Glass Plant Road 

9 LOW GREEN CLEAR LIGHT LIGHT 

9B NORMAL BROWN TURBID MEDIUM MEDIUM 
HIGH GRAY CLOUDY HEAVY HEAVY 

Outfall VERY HIGH BLUE MUDDY NONE NONE 

WEATHER FOR PAST 3 DAYS (Circle all that apply): COLD WET RAINY DRY 
PORT DO METER NO. USED FOR TEMPERATURE READING 
INSPECTED BY: DATE: 

C:\TEMP\Appendix B - Figures 2000.doc 
Last Revised: 08/25/00; Page 6 of2 
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FIGURE 5 
INDUSTRIAL STORMWATER INSPECTIONS - Catch Basins 

Portland International Airport 

CONlJI1fON 
: FDR:\,: 

OOfJR 

sTI?Jic;tU81E, . 
GOOD LEAVES SILT NO MUSTY LIGHT 

GRASS SAND PETROLEUM MEDIUM 
NEEDS MNTC TRASH NONE YES OTHER HEAVY 

EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

GOOD LEAVES SILT NO MUSTY LIGHT 
GRASS SAND PETROLEUM MEDIUM 

NEEDS MNTC TRASH NONE YES OTHER HEAVY 
EXPLAIN: OTHER EXPLAIN: NONE NONE 

WEATHER FOR PAST 3 DAYS (Circle all that apply): COLD WET RAINY DRY OTHER: 

INSPECTED BY: DATE: 

C:\TEMP\Appendix B - Figures 2000.doc 
Last Revised: 08/25/00; Page 70f2 
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FIGURE 6 
MONTHLY INDUSTRIAL STORMWATER INSPECTIONS -INDUSTRIAL AREAS 

Portland International Airport 

I Vehicle Storage Area I NO I N/A 
(Open Bay) GOOD YES explain: 

I 
NEEDS ATTENTION 

-- - -

HAZMAT Building and NO -I N/A 

I loading dock GOOD YES explain: 
NEEDS ATTENTION 

I 
Buildings NO I N/A 

7111/7115/7113/7119 GOOD YES explain: 

General NEEDS ATTENTION 

Catch Basin Filters NO I N/A 
GOOD YES explain: 

NEEDS ATTENTION 

Fuel Island I NO I N/A 
GOOD YES explain: 

NEEDS ATTENTION 
I 

Dumpster 
I 

NO I N/A 
(by fuel island) GOOD YES explain: 

NEEDS ATTENTION 

Vehicle Wash Rack I NO I N/A 
GOOD YES explain: 

NEEDS ATTENTION 

OillWater Separator I NO N/A 
(located at fuel island) GOOD YES explain: 

NEEDS ATTENTION 

Sweeper & Catch Basin I NO N/A 
Debris GOOD YES explain: 

Containment area NEEDS ATTENTION 

Building 6440 I NO N/A 
(82nd Ave) GOOD YES explain: 

NEEDS ATTENTION 
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SITE 

FIGURE 6 
MONTHLY INDUSTRIAL STORMWATER INSPECTIONS - INDUSTRIAL AREAS 

Portland International Airport 

JPtlofl·1 . -f3ENjf(Jft.. 
HOUSEKEEPING .. 

CIRCLE ONE 

Central Utility I Bldg # 7110 
Plant 7320 NE Airport Way 

NO 
GOOD YES explain: 

NEEDS ATTENTION 

N/A 

East 
I Quiescent 

Pond 

I 
East 

Detention 
Pond 

I 
Central 

Quiescent 
Pond 

I 
West 

Quiescent 
Pond 

I 
West 

Detention 
Pond 

Basin #7 
Booms 

Dumpster 

Basin # 6 
3 booms 

Basin # 6 
1 boom 

Basin # 4 
3 booms 

Basin # 2 
3 booms 

Basin # 2 
1 boom 

South side of PMF, go 
thru Ped gate SP19 

GOOD 
NEEDS ATTENTION 

GOOD 
NEEDS ATTENTION 

GOOD 
NEEDS ATTENTION 

GOOD 
NEEDS ATTENTION 

GOOD 
NEEDS ATTENTION 

GOOD 
NEEDS ATTENTION 

GOOD 
NEEDS ATTENTION 

NO 
YES explain: 

NO 
YES explain: 

NO 
YES explain: 

NO 
YES explain: 

NO 
YES explain: 

NO 
YES explain: 

NO 
YES explain: 

N/A 

NEW 
GOOD 

REPLACE 

NEW 
GOOD 

REPLACE 

NEW 
GOOD 

REPLACE 

NEW 
GOOD 

REPLACE 

NEW 
GOOD 

REPLACE 

NEW 
GOOD 

REPLACE 



Basin # 5 
Boom 

Basin # 9 
Boom 

Basin # 8 
Boom 

Dumpsters 
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FIGURE 6 
MONTHLY INDUSTRIAL STORMWATER INSPECTIONS - INDUSTRIAL AREAS 

Portland International Airport 

7N NO 
boom is located across GOOD YES explain: NEW 
road from 7N deicing NEEDS ATTENTION GOOD 
monitoring location REPLACE 

7W NO 
Ditch west of PMF, just GOOD YES explain: NEW 

east of road to ANG NEEDS ATTENTION GOOD 
REPLACE 

Intersection of AirTrans NO 
Way and Cornfoot GOOD YES explain: NEW 

NEEDS ATTENTION GOOD 
REPLACE 

I Site: 9A NO 
Culvert on south side of GOOD YES explain: NEW 
NE Airport Way at 1205 NEEDS ATTENTION GOOD 

South onramp REPLACE 

P.I.C, off NE 92nd NO 
GOOD YES explain: NEW 

NEEDS ATTENTION GOOD 

I 
REPLACE 

Terminal I NO N/A 
GOOD YES explain: 

I 
NEEDS ATTENTION 

Rental Car Quick 

I 
NO I N/A 

Turnaround GOOD YES explain: 

NEEDS ATTENTION 

Taxi Hold Area NO I N/A 
GOOD YES explain: 

NEEDS ATTENTION 
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FIGURE 6 
MONTHLY INDUSTRIAL STORMWATER INSPECTIONS - INDUSTRIAL AREAS 

Portland International Airport 

SITE .. . DESCRIPTION 
~ "'" :;;';,;': / ' , , 

Deicing/ N/A I Seasonal usage 

Glycol Area GOOD NO 
NEEDS ATTENTION YES explain: 

FireHouse OillWater Separator NO 
(by Diesel AST) GOOD YES explain: 

NEEDS ATTENTION 

Fire Training OillWater Separator NO N/A 

Facility GOOD YES explain: 

NEEDS ATTENTION 

Other/Misc 

WEATHER FOR PAST 3 DAYS (Circle all that apply): COLD WET RAINY DRY OTHER ______ _ 

INSPECTED BY: ____________________________ __ DATE: ____________________ _ 



FIGURE 7 

Storm System Incident Report Form 

How was the incident discovered? (call/inspection) ____________ _ 
Who discovered the incident or took the call? ----------------
Date: Time: ---------------

Outfalll drainage location: _____________________ _ 

Description of incident: ______________________ _ 

Source or possible source of discharge _________________ _ 

Describe corrective action: -----------------------

Were samples collected? yes no ___ _ 
Who collected the samples? _____________________ _ 
List laboratory analysis requested: __________________ _ 

Were photographs taken? Yes no ___ _ 
Whotookthephotos? _______________________ __ 

Responsible party 
Name: ---------------------------

Phone: ---------------------------

Address: --------------------------

Signature of person making report: __________________ _ 

INSASTPDX.doc 
Last Revised: 07/31100; Page I of2 
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AST# 22 I 2000 Gallon 
JP-4 

AST# 24 I 400 Gallon 
JP-4 + water 

AST# 1000 Gallon 

272 Diesel 

AST# 500 Gallons 

273 Waste Oil 

AST# 500 Gallons 

279 Diesel 
(for emergency 

generator) 

Pavement Potassium Acetate 

Anti-
icing 
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FIGURE 8 
MONTHLY INDUSTRIAL STORMWATER INSPECTION - ASTs 

Portland International Airport 

Circle One Circle One Circle One 

Live Fire 
Training Facility NO NO NEW GOOD 

GOOD NEEDS MNTC 
YES YES REPLACE 

NONE NONE 

Live Fire 
Training Facility NO NO NEW GOOD 

GOOD NEEDS MNTC 
YES YES REPLACE 

NONE NONE 

Firehouse 
NO NO NEW GOOD 

GOOD NEEDS MNTC 
YES YES REPLACE 

NONE NONE 

Port 
Maintenance NO NO NEW GOOD 

Facility GOOD NEEDS MNTC 
SE of bldg YES YES REPLACE 

NONE NONE 

Port 
Maintenance NO NO NEW GOOD 

Facility GOOD NEEDS MNTC 
Loading dock YES YES REPLACE 

area NONE NONE 

PMF 
NO NO NEW GOOD 

GOOD NEEDS MNTC 
YES YES REPLACE 

NONE NONE 

INSASTPDX.doc 
Last Revised: 07/31/00; Page 2 of2 
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Pavement I Potassium Formate 
De-icing 

Pavement I Magnesium Chloride 
Anti-icing 

FIGURE 8 
MONTHLY INDUSTRIAL STORMWATER INSPECTION - ASTs 

Portland International Airport 

Circle One Circle One 

PMF 
NO NO 

YES YES 

PMF 
NO NO 

YES YES 

Circle One 

NEW 
GOOD 

REPLACE 
NONE 

NEW 
GOOD 

REPLACE 
NONE 

GOOD 
NEEDS MNTC 

NONE 

GOOD 
NEEDS MNTC 

NONE 

WEATHER FOR PAST 3 DAYS (Circle all that apply): COLD WET RAINY DRY OTHER: _____ _ 

INSPECTED BY: ____________________________ __ DATE: ____________________ _ 

INSASTPDX.doc 
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Port of Portland Standard Storm Water Use Agreement 
FORM A, 199811999 

THE PORT: 

USER: 

FIGURE 9 

STORM WATER USE AGREEMENT 

The Port of Portland 
P.O. Box 3529 
Portland, Oregon 97208 

Name ---------------------
Address __________________ _ 
City/State/Zip ________ _ 

RECITALS 

A. The Port and User are parties to a lease dated (Port Agreement No. 
) (the "Lease", by reference incorporated herein), pursuant to which User has 

------~ 

certain rights to use the real property that is the subject of the Lease (the "leased property"). 

B. The Port owns or operates a storm water sewer system ("System"). User wishes 
to use the System for the disposal of storm water discharged by User's operations on the 
Property. 

C. The Port has, or will have, a municipal storm water discharge permit ("Municipal 
Permit"), and, has or will have an industrial storm water permit ("Storm Water Permit"), 
(collectively, "Permits") that may govern the discharge of storm water from the System into the 
waters of the United States or into a separate municipal storm water system. 

AGREEMENT 

1.1 Connection 

User shall connect to the System in a manner approved or prescribed in writing by the 
Port, in the sole discretion of the Port. Connection to the System shall include provisions 
acceptable to the Port that will allow for sampling of User's storm water discharge upstream 
from or at its entry into the System. 

1.2 Use 

User's discharge shall be limited to storm water discharged pursuant to the Port's the 
Port's storm water permit, and shall comply with this Agreement, all terms of the storm water 
permit, all applicable terms of any storm water pollution control plans ("Plans"), if any, the terms 
of any other applicable agreements between User and the Port and any applicable rules 
governing storm water adopted by the Port in response to changes of law or storm water permit 
terms. 

Page 10f6 
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Port of Portland Standard Storm Water Use Agreement 
FORM A, 199811999 

1.3 Disconnection 

User shall give the Port at least thirty (30) days advance written notice before 
disconnecting from the System and shall restore the System and impacted real property to 
substantially its original condition upon disconnecting in a manner agreed to, in advance, by the 
Port. 

1.4 Storm Water Permit 

User must become familiar with and abide by all of the requirements of the Port's storm 
water permit(s). At any time that User is not covered by the Port's storm water permit, User 
shall obtain any necessary permits for storm water discharge into the Port's System and 
discharge in a manner which allows the Port to comply with the Port's storm water permit. 

1.5 Storm Water Permit Fee 

User shall pay to the Port by August 1 of each fiscal year a nonrefundable storm water 
system use fee ("Use Fee") of TWO HUNDRED FIFTY DOLLARS ($250) [[[ For GA 
Airports, the Use Fee is ONE HUNDRED FIFTY DOLLARS ($150). ]]]. The annual Use 
Fee shall not be reduced to reflect periods during which User does not discharge into the System. 
If User begins discharging into the System after July 1, the Use Fee for that fiscal year (July 1 to 
June 30) shall be paid to the Port within thirty (30) days after User begins discharging into the 
System. The Port may adjust the Use Fee from time to time to reflect changes in the Port's cost 
to administer and comply with the storm water permit. The Port shall give User at least ninety 
(90) days written notice prior to the beginning of the fiscal year in which an adjustment to the 
Use Fee is to be effective. 

1.6 Other Charges 

The Port reserves the right to impose reasonable charges uniformly applied to similarly 
situated lessees for the repair, maintenance, and regulation of the System. The Port will provide 
User with at least thirty (30) days prior written notice of the imposition of or any increase in any 
such charge. 

1.7 Municipal Storm Water Permit Requirements 

Nothing in this Agreement shall be deemed to affect the Port's ability to comply with its 
Municipal Storm Water Permit, issued to the Port by the Oregon Department of Environmental 
Quality ("DEQ"), including, but not limited to, compliance with the requirement that the Port 
have and enforce a storm water management plan and storm water rules. Enforcement by the 
Port of a storm water management plan or storm water rules may result in the imposition of 
additional requirements upon User. 

1.8 Storm Water Pollution Control Plans 

If the Port is required to have one or more Storm water Pollution Control Plans ("Port 
Plans"), then User shall comply with the Port Plans, as amended from time to time. User may be 
required to adopt its own storm water pollution control plan, in which case User's storm water 

Page 2 of6 
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Port of Portland Standard Storm Water Use Agreement 
FORM A, 199811999 

pollution control plan shall be consistent with the Port's Plans, and shall be amended as 
necessary to maintain consistency with the Port's Plans, as amended. The Port will provide User 
with its current Port Planes). The Port shall also provide User with advance notice (and in no 
event less than thirty (30) days advance notice) before User becomes subject to any amendments 
to the Port Planes) or new Port Plans. 

1.9 Storm Water Sampling 

If User undertakes storm water sampling for any purpose, User shall provide the Port 
with copies of any and all storm water sampling results obtained by User of storm water 
generated at, discharged from, or present on the Premises, within ten (10) days of receipt of the 
laboratory results. 

2. INDEMNIFICATION 

User shall indemnify, defend, and hold harmless the Port and the Port's commISSIOners, 
employees, and agents against any liability whatsoever, including but not limited to penalties or 
fines imposed by governmental agencies, arising from acts, including but not limited to negligent 
or illegal acts, of User or User's officers, employees or agents, that result in or contribute to a 
violation of any requirement of the Permits, User's Permit, or federal, state or local 
environmental laws, regulations, rules or requirements or that result in or contribute to damage to 
the System, the Port's property or property belonging to a third party or bodily injury to a third 
party. User's duty to indemnify, defend, and hold harmless in the case of acts that contribute to a 
violation shall be limited to User's proportionate contribution relative to any other contributors 
to the violation, provided that nothing in this limitation shall be deemed to reduce User's liability 
for the improper disposal of a hazardous waste or the release of a hazardous substance. 

3. PERMISSION TO ENTER AND INSPECT 

3.1 Right of Entry 

During the period in which User is connected to the System, User hereby grants the Port, 
or any person designated by the Port as the Port's representative, permission to enter upon User's 
lands, leaseholds, and improvements from which discharges of storm water into the System 
originate for the limited purposes of: 

• Monitoring User's storm water discharge; 

• Inspection for compliance with the Port's storm water permit, and storm water 
management and pollution control plans, if any; 

• Investigation of violations of federal, state, or local laws, rules, or requirements 
governing storm water, and all rules, regulations, and policies adopted by the Port 
applicable to the Port owned storm sewer system; 

• Investigation of violations ofthe Permits or of the Port's storm water management 
or pollution control plan, if any; 

• 
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• Sampling User's storm water discharge; and 

• Any other purpose reasonably necessary for compliance with the Permits or local, 
state or federal environmental statutes, rules, regulations or requirements. 

3.2 Notice 

The Port shall give User at least 30 minutes advance notice, before seeking entry into an 
enclosed area or a building under this Agreement and shall schedule any such inspection to 
minimize interference with User's operations. Nothing in this paragraph 7 shall constitute a 
waiver by User of any constitutional right, including, without limitation, the right to be free of 
unreasonable searches and the right to avoid self incrimination. In the event of an emergency 
where prompt investigation and action is necessary to avoid imminent serious pollution, the Port 
will make a reasonable attempt to give advance notice, but may exercise its right under this 
Agreement without undue delay. 

3.3 No Limitation 

Notwithstanding the foregoing, this Agreement shall not be construed to modify or limit 
the Port's inspection or other rights which the Port may have under any lease, operating or other 
agreement with User or any others with respect to the Property or the System. 

4. STORM WATER TREATMENT SYSTEM 

In order to comply with storm water discharge requirements, User may be required to 
treat User's storm water prior to discharge. If treatment is required, the Port shall have the right 
to approve or disapprove the method, design, and installation of any such treatment system in 
order to ensure compliance with applicable laws and regulations and protection of Port property. 

5. TERMINATION 

The Port, in its sole discretion, may terminate this Agreement in the event that User violates any 
of the terms of this Agreement or any federal, state, or local laws or regulations relating to User's 
storm water discharges. Unless terminated earlier pursuant to the preceding sentence, this 
Agreement shall terminate automatically with the expiration of the underlying lease. This 
Agreement can be amended or renewed only by a written document signed by both of the parties. 

6. NO ASSIGNMENTS 

User may not assign or convey any rights that arise under this Agreement to any other person or 
entity. 

7. INTEGRATION, MODIFICATION 

This Agreement includes the entire agreement of the parties regarding User's connection to, 
discharge of storm water into, and disconnection from the System, and supersedes all prior and 
contemporaneous agreements and communications regarding the same subject. This Agreement 
may be amended only by a writing signed by each party or the party's authorized representative. 
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Notwithstanding the provisions of this paragraph, the Port may notify User by letter of the 
amount of any charges imposed under this Agreement, and of changes in those charges. 

8. NOTICES 

8.1 Written Notices 

All written notices required or desired to be given under this Agreement shall be in 
writing and may be delivered by hand delivery or by placement in the U.S. mails, postage 
prepaid as registered or certified mail, return receipt requested, addressed to the Port at: 

with a copy to: 

and to Operator at: 

8.2 Oral Notices 

The Port of Portland 
P.O. Box 3529 
Portland, Oregon 97208 
Attn: -----------------

The Port of Portland 
P.O. Box 3529 
Portland, Oregon 97208 
Attn: Legal Department 

All oral notices required or desired to be provided under this Agreement shall be deemed 
to be properly served if personally delivered by a properly identified and authorized 
representative of the party delivered to the following: 

To the Port Environmental and Safety Manager 

(503) ________ _ 

To the User 

(503) ________ _ 
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9. AUTHORITY OF SIGNERS 

Each individual signing below warrants that he or she is the signing party, or is the authorized 
representative of the party for which he or she signs with authority to bind that party to the terms 
of this Agreement 

USER 

By: 
Title: ----------------------------

THE PORT OF PORTLAND 

By: ------------------------------
Mike Thome, Executive Director 

APPROVED AS TO LEGAL SUFFICIENCY 
FOR THE PORT 

By: 
Counsel for Port of Portland 
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FIGURE 10 

ORDINANCE NO. 361 

OF 

THE PORT OF PORTLAND 

AN ORDINANCE REGULATING STORM WATER. 

BE IT ENACTED BY THE PORT OF PORTLAND: 

SECTION 1. FINDINGS AND PURPOSE 

1.1 Findings 

The Port of Portland Board of Commissioners finds: 

(a) The public interest and the interests of the Port of 

Portland will be served if pollution of the Willamette and 

Columbia Rivers and other waters due to pollutants in storm 

water runoff can be minimized; 

(b) Environmental Protection Agency storm water 

regulations adopted pursuant to the Clean Water Act require the 

Port to obtain a National Pollution Discharge Elimination 

System municipal storm water permit and to manage storm water 

by: 

(i) Controlling the contribution of pollutants to 

Port municipal storm sewers by storm water associated 

with industrial activity; 

(ii) Prohibiting illicit discharges of pollutants 

to Port municipal separate storm sewers; 
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(iii) Controlling the discharge to Port 

municipal separate storm sewers of spills, dumping, or 

disposal of materials other than storm water; and 

(iv) Requiring compliance by third persons with the 

foregoing requirements under ordinances, permits, 

contracts, or orders issued by the Port. 

1.2 Purpose 

The purpose of this ordinance is to regulate the discharge of 

storm water into Port storm sewers to minimize water pollution due 

to pollutants discharged in storm water, and to comply with the 

Clean Water Act and with the National Pollution Discharge 

Elimination System municipal storm water permit issued to the Port 

under the Clean Water Act. 

SECTION 2 - DEFINITIONS 

As used in this ordinance, unless the context clearly requires 

otherwise: 

2. 1 "Executive Director" means the Executive Director of the 

Port. 

2.2 "Illicit discharge" means any discharge to a storm sewer 

that is not composed entirely of storm water, except (1) discharges 

under an National Pollution Discharge Elimination system (NPDES) 

permit other than the municipal NPDES storm water permit issued to 
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the Port and (2 ) discharges resulting from fire fighting 

activities. 

2.3 "Person, in possession of land owned by the Port" means 

the individual, partnership, corporation, or other entity that has 

a right to occupy or control Port land pursuant to law or under a 

lease, permit, right of entry, facility use agreement, or other 

contract with the Port of Portland. "Port land" means land to which 

the Port holds legal title and in which the Port has something 

more than a mere security interest. 

2.4 "Pollutants" means dredged material, solid waste, 

incinerator residue, filter backwash, sewage, garbage, sewage Sludge, 

munitions, chemical wastes, biological materials, radioactive 

materials, heat, wrecked or discarded equipment, rock, sand, cellar 

dirt, and industrial or agricultural waste. 

2.5 "Port" means the Port of Portland. 

2.6 "Storm sewer" means a conveyance or system of 

conveyances, including without limitation roads with drainage 

systems, catch basins, curbs, gutters, ditches, man-made channels, 

or storm drains, that is designed or used for collecting or 

conveying storm water. 

2.7 "storm water" means storm water runoff, snow melt runoff, 

and surface runoff and drainage. 
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SECTION 3 - ILLICIT DISCHARGES 

No person shall make, cause, or allow an illicit discharge 

into a storm sewer owned or operated by the Port. 

SECTION 4 - CONNECTIONS 

No person shall connect to a storm sewer owned or operated by the 

Port without first obtaining written permission from the Port. 

SECTIONS 5 - INSPECTIONS 

Upon reasonable notice to the person in possession of land 

owned by the Port, the Port may inspect that land and storm sewers on 

the land for violations of this Ordinance or of any law or regulation 

governing the conveyance or disposal of storm water. The right to 

inspect under this section is in addition to any right under a lease, 

use agreement or other contract between the Port and the person in 

possession of the land. 
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SECTION 6 - RULES 

The Executive Director or the Executive Director's designee 

shall adopt rules to control: 

(1) The contribution of pollutants to storm sewers owned or 

operated by the Port; 

(2) The quality of storm water discharged from the sites of 

industrial activity on land owned by the Port; and 

(3) The discharge to storm sewers owned or operated by the 

Port of pollutants from spills, dumping, 

materials other than storm water. 

SECTION 7 - PENALTIES 

or the disposal of 

Any person violating section 3 or 4 of this ordinance shall be 

guilty of a misdemeanor pursuant to ORS 777.990(2). If a violation 

of section 3 or 4 of this Ordinance is continuing or recurrent 

each calendar day during which the violation occurs or continues 

shall be deemed a separate violation. 

SECTION 8 - SAVINGS CLAUSE 

All parts of this Ordinance are hereby declared separable and 

independent of all others. If any phrase, clause, sentence, 
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paragraph, or section of this ordinance is declared invalid for 

any __ reason, the remainder of this ordinance shall not be 

invalidated by that declaration, but shall remain in full force 

and effect. 

ADOPTED THIS 11th day of March 1992, being the date 

of its second reading before the Board of Commissioners of the Port 

of Portland. 

By: (ORIGINAL SIGNED) 
--------~~~~~~~~~------

By: (ORIGINAL SIGNED) 
------~~~~~~~~~-----

Assistant Secretary President 

APPROVED AS TO LEGAL SUFFICIENCY APPROVED BY COMMISSION 

(ORIGINAL SIGNED) 3-11-92 
Counsel for the Port of Portland (date) 
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